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INTRODUCTION 
The development of new maize hybrids (Zea mays L. ) involves two gen­
eral procedures: 1) isolation of inbred lines from some population, and 
2) testing the new lines in combination with other lines to determine 
which, if any, produce hybrids which are superior to the current elite 
hybrids. Of these two processes, testing is the more difficult due to 
typically large genotype by environment interactions. Methods to increase 
uniformity of environments are limited to the manipulation of elements 
under human control. It has been proposed that stability of performance 
over other unknown or unpredictable elonents could be a valuable asset 
to new hybrids, especially since the advent of single-crosses and hcxno-
geneous field populations. Investigations on the inheritance of such 
stability, sometimes called developmental homeostasis, are currently under­
way in many crops. One physiological character which is thought to impart 
some degree of stability to maize hybrids is the potential to produce 
more than one ear per plant under low-stress conditions. Investigations 
into this aspect of maize breeding began in the late 1950's in the Com 
Belt and continue through the present. Improved prolific populations 
have been developed and now prolific inbred lines are being tested in 
single-cross hybrids. 
The purpose of the research to be reported herein is to characterize 
the yield potential of some new prolific hybrids involving inbred lines 
developed by the Iowa State University, U.S.D.A. Co-operative Com 
Breeding Program. These hybrids have been compared to three other types 
of hybrids: 1) elite, nonprolific hybrids, 2) earlier, or first-cycle 
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prolific hybrids, and 3) hybrids whose parental lines were elite nonpro-
lific and first-cycle, prolific inbreds (these hybrids will hereafter be 
called one-ear x two-ear hybrids). Special attention has been given to 
yield performance over a range of plant densities and to yield stability 
over a range of environments. 
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LITERATURE REVIEW 
Ear formation in Zea mays L. Maize has a natural tendency to 
be prolific and forms a visible potential ear at every leaf axil below 
the top six. Studies by Sass and Loeffel (1959) and Sass (1960) estab­
lished the preceding basic developmental pattern and further stated 
that dense planting does not prevent the formation of floral organs. 
These studies conclude that barrenness is a result of failure of silk 
emergence during the pollen-shedding period. 
Collins (1963) reported a study of husk development, cob elongation, 
and tassel development of Com Belt ihbreds C103 and Hy, vAiich usually 
produce one harvestable ear, R71 and B60, which usually produce two 
harvestable ears, and the six possible single crosses among these four 
inbreds. He found no correlation between husk development and ear 
development. The three-week period before anthesis was found to bracket 
the critical period when the fate of the second ears was decided. This 
period occurred after the tassel had almost completed elongation, at 
which time cob development underwent rapid growth. All genotypes vAiich 
showed retarded second-ear growth during the three-day period before 
silking failed to produce a second ear even if those cobs produced 
silks in the presence of abundant pollen. Before tassel initiation, 
visible axillary buds developed acropetally in all leaf axils 
except the top six or seven. Soon after the top bud was barely 
visible, tassel development was initiated. There was an immediate 
apical dominance expressed by the tassel and a drastic suppression of 
growth of all axillary buds. These buds remained suppressed until 
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tassel elongation was essentially complete; then the growth emphasif 
shifted to the top cob. The direction of cob development was basipetal in 
contrast to the acropetal pattern observed before tassel initiation. 
Collins concluded that abortion was initiated v^en the second ear failed 
to compete favorably with the top ear during three days before silking. 
Prine (1971) grew soniprolific maize under the unfavorable light 
environment experienced at 44,500 plants/ha. The light environment 
was improved at intervals over the life cycle by removing every 
other plant in a given plot. If the light environment was not 
improved until after silking, rapid abortion of second ears resulted. 
Light improvement up to three to four days before silking was effective 
in preventing abortion, but from the time the first plants had silked until 
soon after all plants had silked (about 10 to 12 days) rapid abortion 
of second ears occurred under the unfavorable light environment. This 
established the period just prior to silking until just after silking 
as a critical period for light competition in the community. 
Grogan (1956) observed that detassellng Increased the yield of 
maize under conditions of drought, low soil fertility or above-
optimum plant populations. Increases in yield were expressed in 
fewer barren plants and larger ears. He proposed that the response 
to detassellng was associated with the decrease in competition for 
available plant nutrients between the Inflorescence of the stamen and 
the pistil once the tassel was removed. Duvick (1958) reported that 
the relative yields of male-sterile hybrids and their normal counter­
parts often varied with the rate of planting. T-sterile hybrids 
tended to yield more compared to their normal counterparts as rates 
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of planting were increased. However, the extent and direction of 
changes induced by male-sterile cytoplasm were markedly affected by 
the genotype and the physical environment during the growing season. 
Josephson and Kincer (1962) found that in only 1 of 20 ccanparisons did 
sterile plants yield significantly more than their corresponding fertile 
counterparts. They reasoned that conflicting results on the influence 
of male-sterile cytoplasm may be attributed partly to differences in 
the degree of inbreeding. 
The grain yield and several yield components of a cytoplasmic 
male-sterile single-cross and its fertile counterpart were measured 
by Bruce, Sanford and Myhre (1966). The male-sterile strain consist­
ently yielded more grain than its fertile counterpart, primarily 
because of the greater number of second ears produced. Hunter 
et al. (1969) observed that tassel removal from com at or near tassel 
emergence increased grain yields. The increase was larger and more 
consistent in higher populations. They concluded that a large pro­
portion of the yield response from detasseling resulted from the 
elimination of tassel light interception. Simulated small tassel 
size (produced by tassel side branch removal) resulted in increased 
grain yields, Duncan, Williams and Loomis (1967) also reported 
that shading of underlying leaves by maize tassels probably reduced 
photosynthetic rates in the plant community and hence grain yields. 
They reported the shading effect to be small at low plant densities, 
but increasing with plant density. 
Anderson (1967. noted a changing impression regarding the critical 
factor controlling f^ar initiation. Whereas the impression for sane time 
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has been that the ear has to be pushed out by the nutrients of the 
plant, it now appears that growth regulators, principally indoleacetic 
acid (lAA) and gibberellic acid (GA), may interact to control ear 
initiation. Anderson presented evidence to support the hypothesis that 
the ear develops under a hyperauxin condition from the influence of the 
tassel. Anderson (1967) measured the lAA content of tassels of two 
population-tolerant and two population-intolerant hybrids. The tolerant 
types had one-half the lAA content of the intolerant. Male-sterile 
tassels had about one-half the lAA of the respective fertile counter­
part. Anderson predicted that it will not be long before a usable 
mechanism will be developed for making plants shoot ears at high 
populations (125,000 plants/ha). 
Since light relations in plants have been shown to be interrelated 
with the action of growth regulators, particularly lAA, it is of interest 
to study the effect of growth regulators on ear formation in maize. 
Mitchell (1970) states that the growth regulator, kinetin, has a striking 
effect on the differentiation of vegetative tissue into floral buds, and 
that kinetins are also strong promoters of bud growth and thus modify 
apical dominance. Studies with natural cytokinin-type material suggest 
they are mobile and that a cytokinin formed in the root may control some 
part of leaf senescence or grain development. 
Bauman (1960) reported a study in which three treatments were 
applied to prolific maize hybrids as follows: (a) first-ear shoots were 
covered to prevent pollination; (b) second-ear shoots were covered 
to prevent pollination; and (c) both ears were permitted to pollinate. 
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The hybrid by treatment interaction was not significant. When grain 
development was prevented on first ears, the second-ear yield was 
increased 50 grams per plot, from 91 to 141 grams, but the yield 
was still less than 3/4 of that from first ears. When grain development 
was prevented on second ears, the first ears were only 8 grams 
heavier than vAien both ears were pollinated (215 versus 207 grams). 
These differences showed that yield may be shifted from first to 
second ear to a greater extent than frcxn second ear to first ear. 
Total yield per plant was reduced by 157 grams (53%) vihen the first 
ear shoot was bagged to pcevent pollination, but only 83 grams (28%) 
when the second-ear shoot was bagged. 
Collins and Russell (1965) reported that prolific hybrids demon­
strated an inherent flexibility by producing one normal ear in spite 
of having the top ear shoot permanently bagged to prevent pollination, 
whereas, nonprolific hybrids were inflexible and unable to produce a 
harvestable ear. They concluded that preventing pollination of the top 
ear may be a useful method in the evaluation of hybrids for two-ear 
development. 
Yield of Zea mays L. in relation to leaf area index ). Eik 
and Hanway (1966) found that yields of maize grain tended to be linearly 
related to the LAI at silking time, but the linear relationship did not 
continue beyond an LAI of 3.3. 
In a study with regrowth of defoliated ryegrass-clover pasture. 
Brougham (1956) reported thafc the growth rate increased rapidly 
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as leaf area increased, but leveled off to a plateau after a critical 
LAI of 5.0 was reached (95% light interception). Other workers have 
reported that the growth rate attains a sharply peaked "optimum" 
caused by slower growth rates at both greater and lesser LAI's. This 
is illustrated by Watson and French (1962) who established several 
levels of LAI by thinning a dense population of kale. They found that 
the LAI of kale could be much above the optimum for dry matter production, 
which was between 3.0 and 3.5. When LAI was held close to 3.5 by re­
peated thinning of plants, the total yield of dry matter including 
thinnings was increased by about 6%. They observed unexplained seasonal 
variation in optimum LAI, Williams, Loomis and Lepley (1965a) grew 
maize at densities ranging from 6,700 to 575,700 plants/ha in a highly 
favorable environment, and reported a maximton rate of dry matter pro­
duction attained with the highest population density during a pre-
tassaling period of 12 days. Their results indicated that the energy-
capturing capability of a com crop was not fully exploited by current 
methods of culture for green forage. In a related study, Williams, 
Loomis and Lepley (1965b) concluded that evidence was lacking with 
maize for ?in optimum LAI at ktiich crop growth rate reaches a peak and 
then declines at still higher LAI's. This conclusion v/as reached after 
studying maize grown at LAI's up to 18. 
While dry matter production is important, most crop species have 
been selected for the yield and quality of some particular desired 
part of the plant. Thus the proportion of the crop which is eco­
nomically useful is also important in determining over-all 
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agricultural efficiency. In maiza, grain is usually the economic 
portion of the crop. While LAI and dry matter are directly related 
in a tight cyclic manner (Anderson, 1967), grain yield follows in a 
dependent nature only if the reproductive sinks are established and 
the leaves are high in mineral nutrients. Duncan (1972) reported 
that the optimum LAI for irrigated maize grain yield was reached 
around 4.0, and higher LAI's did not increase yield. 
Prolific and nonprolific hybrid yield performance at different 
plant densities. As early as 1891, Morrow reported that maize 
varieties differ in their yield potential at different plant densities. 
It has become a common practice to adjust yields of hybrid entries in 
yield trials by analysis of covariance according to the difference among 
hybrid entries for actual stand. This practice assumes a linear re­
lationship between yield per unit area and plant density. VJhile the 
assumption of linearity is acceptable ever a r.arrcv; range of densities j 
i.e., for minor adjustments to plant stand, it has been established 
that over a wider range of densities one should expect to find consid­
erable departure from linearity (Duncan, 1958 and Warren, 1953). 
Collins, Russell, and Eberhart (1965) found quadratic responses of varying 
degrees for prolific and nonprolific hybrids. Yield per unit area can 
increase with increased densities only as long as the greater number of 
ears produced more than compensates for the decrease in ear size. 
Zuber, Grogan, and Singleton (1950) reported that prolific hybrids 
appear to be more consistent in high-yield performance regardless of 
planting rate. 
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Russell (1968) found that two types of Com Belt maize hybrids 
with contrasting degrees of prolificacy had similar yields combined 
over all densities and environments tested, but their trends over 
rates were distinctly different. The nonprolific type had its highest 
yield at 40,000 plants/ha,whereas the prolific type yielded best at 
60,000 plants/ha. The nonprolific type had a negative yield trend 
with increasing densities (b^ = -.78) but the prolific type had 
a positive trend (b^ = 1.28). He proposed that the superior type 
of a single cross might be of prolific x nonprolific parentage, based 
on the reasoning that two-ear germplasm would prevent excessive 
barrenness in high densities, and at moderate densities that dominance 
of the top ear would prevent the unfavorable effect of a small second 
ear. Russell had postulated that two-ear types were sometimes limited 
in yield potential in favorable environments because the top ear was 
restricted by the growth activity of the second ear shoot. 
Barrenness at extremely high densities is inevitable in all existing 
varieties,but there is variability in the stand level at which it be­
comes a problem. Prolific hybrids were reported by Russell (1968) to 
have fewer barren plants at high densities than nonprolific hybrids. 
He suggested that the prolific hybrids may serve a dual purposes to be 
used in high plant densities where soil fertility is adequate and soil 
moisture is usually not a limiting factor or irrigation is available, 
and to be used in more moderate plant densities where soil moisture is 
frequently a limiting factor and irrigation is not available. In the 
latter situation the flexibility of the two-ear type to produce either 
one or two ears, depending on environmental conditions, becanes a valuable 
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compensating mechanism, whereas, in the first case the benefit of pro­
lificacy is not in producing two ears per plant but in preventing 
barrenness at high stand levels. 
The optimum density at which a particular hybrid should be grown 
has been ^own to change with the environment. Woolley, Baracco and 
Russell (1962) studied yield response of six hybrids in two different 
years. The optimum density decreased in the year that mean yield 
decreased substantially, indicating that under stress conditions plants 
began severe competition with each other at a lower density than under 
nonstress conditions. 
EInvironmental stability. VJhen varieties are compared over a 
series of environments, the relative rankings usually differ. Such 
variation creates difficulty in evaluating the yield potential of 
new hybrids. Eberhart and Russell (1965) demonstrated a method of 
characterizing hybrids according to their stability of yield over 
environments. Their method consisted of calculating a linear regression 
coefficient for each hybrid's response to an environmental index and 
a mean squared deviation from regression. The mean squared deviation 
from regression was partitioned into separate estimates for each 
hybrid. The regression coefficient quantifies a hybrid's response 
to improved environments (along a linear axis), and the mean squared 
deviation component measures the deviation from that linear axis. 
The favorable yield response to the higher environmental indices seems 
to be positively correlated with higher mean yields and seems to be 
primarily under additive genetic control according to Eberhart (1969), 
but stability, as measured by the deviation from regression on the 
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environmental index, seems to be inherited in a more complex fashion. 
Falck (1970) concluded that increasing plant densities may 
either increase or decrease stability of performance in varying 
environments, depending on the hybrid, and therefore, that more than one 
density should be used to evaluate a group of hybrids in a study of yield 
stability. In 1965, Collins and Russell found the literature void of 
information on the agronomic performance of two-eared maize hybrids 
adapted to the Com Belt. They noted that southern prolific types 
of maize had been found to have more consistent yields than single-ear 
types across variable plant densities, fertility levels, and moisture 
regimes (Josephson, 1957, 1951, Bauman, 1959, Zuber, Grogan and 
Singleton, 1950), and proposed that the two-ear Com Belt hybrids 
might prove useful in alleviating problems involved in determining 
plant stands for varying environmental conditions in the Com Belt. 
Russell and Eberhart (1968) studied early versions of Com Belt 
prolific hybrids and reported that they yielded more consistently over 
a range of environments than did nonprolific hybrids. They observed 
that barrenness was much higher in the single-ear genotypes than in 
the two-ear genotypes at the highest population levels, and reasoned 
that, if this could be extended to mean that barrenness would increase 
more rapidly in single-ear than two-ear genotypes as environmental 
stress to plant growth increases, then barrenness would be an important 
factor for the lower yields of single-ear genotypes in lov;-yield-envir­
onments. Differences among single-cross hybrids for stability of 
yield perform=mce were reported again by Eberhart and Russell in 
1969. 'iybrlas with single-ear parents tended to be better in high-
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yield environments and hybrids with two-ear parents tended to be 
better in. low-yield environments. 
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MATERIALS AND METHODS 
There are three sets of experiments to be described. The first 
set of experiments, which contains the critical portion of this 
research, consisted of Experiments 31 and 32 grown in 1969 and 
subsequently repeated in 1970, 1971- and 1972. These two 
experiments are essentially the same, differing primarily in 
location and row width, and their data were combined over years 
and locations for statistical analyses. Experiments 100 and 101, 
the second and third sets of experiments, are relatively small 
studies grown only in 1972 to obtain complementary information 
to the main body of data from Experiments 31 and 32. 
One phase of maize breeding research has involved comparisons 
among different plant types for yield potential at varying plant 
densities, such as comparisons between nonprolific hybrids (hybrids 
which normally produce only one ear) and prolific hybrids (hybrids 
vAiich ccxnmonly produce two ears under low-stress conditions). 
Early, prolific. Com Belt hybrids tested at the Iowa Agricultural 
Experiment Station have been adequately characterized in studies 
by Collins- Russell, and Eberhart (1965), Russell (1968), and 
others. We will refer to these hybrids as first-cycle, two-ear 
hybrids. 
In 1964, Dr. A. R. Hallauer began a program at the Iowa 
Agricultural Experiment Station to develop single-cross hybrids 
using a breeding scheme based on reciprocal full-sib selection. 
This selection procedure required the use of two parental source 
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populations each of vdiich produce seed on two or more ears on each 
plant (Haliauer, 1967a), The most desirable populations would be 
improved synthetic varieties having a strong prolific tendency. 
Dr. Hallauer used Iowa Two-ear Synthetic #1 and Brown's Two-ear 
Canposite as parental sources to initiate the development of 
prolific h^rids for testing the efficiency of his selection 
method. 
The Iowa Two-ear Synthetic #1 was developed by Dr. W. A. 
Russell of Iowa State University by recombining 10 lines which 
had expressed second ear development in the com breeding nursery 
at the Iowa Agricultural Experiment Station, Ames, Iowa. The 
10 lines- R71, ITE701, HD2158, HD2244, HD2418, B58, B60, (N32 x 
B14^)-l-30-4, (OH43 x B33)-139, and Krug-792—were conbined into 
five single-crosses, and then all possible crosses were produced 
among these single-crosses. A cOTiposite seed sample of double-
cross seed was planted in 1963 and an increase of seed was made 
by mass sib-pollination. Brown's Two-ear Composite was developed 
by Dr. W. L. Brown of Pioneer Hi-Bred International, Inc. by 
crossing southern prolific material and Com Belt lines. Both 
populations were of Com Belt maturity-
The reciprocal full-sib selection breeding scheme used to 
develop the second-cycle, t.vo-ear hybrids consisted of several 
phases (Hallauer, 1967a) as described in the following paragraphs. 
Phase 1. Crosses were made between two individual S© plants, 
one from each population. Plants used in the crosses were also self-
pollinated to maintain the plant's genotype. The hybrids produced by 
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crossing the Sq plants were evaluated in yield trials, and the selfed 
seed (or Si) of each Sq plant was stored for future use. Fran the 
results of the yield tests, the top 30 to 50% high-yielding crosses 
were selected. The mild selection intensity was recommended since the 
crosses could not be tested extensively because of insufficient seed. 
Phase 2. The pairs of lines which represent the selected 
SQ plant crosses were planted ear-to-row, and the same procedures 
outlined for making the crosses and selfs between SQ plants were 
used between plants of the pairs of S^ progenies. Since segre­
gation occurred upon selfing an SQ plant, four to six crosses were 
produced with each pair of S^ progenies. This afforded selection 
for yield within S^ progenies. Again, a relatively low selection 
intensity (30 to 50%) was used. 
Phase 3. The 32 seed of the selected entries was planted 
ear-to-row in pairs that corresponded to the original SQ plant 
crosses. Crossing and selfing between S2 plants were continued. 
Yield evaluations of the crosses were made, and selections were made 
for continued crossing and selfing between plants of the S3 progenies. 
Phase n. The procedure was repeated until the selfed progenies 
of the plants used in the selected crosses were nearly homozygous and 
homogeneous. At that time. Dr. Hallauer had a group of selected 
single crosses that had been tested for yield in each generation 
of inbreeding. Since his breeding scheme required the parent 
material to produce at least two good ears per stalk, the 
resulting single crosses had a strong potential to produce at 
le&st two ears. 
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By the end of 1967, Dr. Hallauer had carried his program 
through four successive generations and it became evident that 
significant progress had been made. His best crosses were 
performing as well as, or better than, check hybrids that were 
included in all yield evaluation trials (Hallauer, 1967b). The 
new h^rids developed in this program will be called second-cycle, 
two-ear hybrids. It seemed that these hybrids had a higher 
genetic potential for yield than did the first-cycle, two-ear 
material based on 1967 yield test data (unpublished) and, there­
fore, that yields relative to plant densities might be different. 
Seed was prepared in 1968 to begin the first set of experiments 
to characterize the second-cycle, two-ear single crosses (type 3) for 
yield performance at a range of plant densities. The evaluations 
were planned to include comparisons with crosses of the types: 1) 
one-ear x one-ear (elite- nonprolific). 2) tv-io-ear x two-ear first-
cycle, two-ear hybrids), and 4) one-ear x two-ear (the two-ear parent 
was one of the first-cycle, two-ear lines). The seven single crosses 
in .each group and their pedigrees are shovvm in Table 1. 
The elite, nonprolific single crosses were selected because of 
knowledge from previous evaluations that they had high yield potential 
(Eberhart and Russell, 1969 and unpublislied data)^. The first-cycle, 
^These h^rid yields are not reported in the publication, but are 
included in the statljtic&l analysis shown therein. 
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Table 1. Single cross h^rids chosen for Experiments 30 and 31 
Entry No. (elite, nonprolific) Entry No. (first-cycle, two-ear) 
(Type 1) one-ear x one-ear (Type 2) two-ear x two-ear 
01 B37 X Mol7 
02 N28 X Mol 7 
03 B54 X Mol7 
04 B37 X B54 
05 B37 X B45 
06 B37 X B57 
07 B45 X N28 
ESîtry No. (second-cycle, two-ear) 
(Type 3) two-ear x two-ear 
15 (Q66—7 X Q67—9)—4—4—2—2 
16 (066—7 X Q67—9)—4—6—2—1 
17 (Q21-1 X Q22-2)-l-2-2-l 
18 (Q21-1 X Q22-2)-3-l-2-l 
19 (097-10 X 098-10)-1-2-3-2 
20 (097-10 X 098-10)-1-2-4-2 
21 (097-10 X 098-10)-l-4-l-l 
08 B59 X R71 
09 B59 X HD2158 
10 B67 X R71 
11 B67 X ITE701 
12 B67 X HD2158 
13 R71 X ITE701 
14 R71 X HD2158 
Entry No. 
(Type 4) one-ear x two-ear 
22 B37 X R71 
23 B37 X HD2158 
24 B37 X B67 
25 Mol7 X ITE701 
26 Mol7 X B67 
27 N28 X ITE701 
28 N28 X HD2158 
two-ear crosses likewise were selected on the basis of performance in 
previous studies (Collins and Russell, 1965). The second-cycle, two-ear 
crosses were the best among Hallauer's crosses in his 1967 and 1968 exper­
iments (unpublished). More than seven second-cycle, two-ear crosses were 
produced in seed nurseries in 1968, but these seven were selected 
or. the basis of high yield potentials in 1968 tests. Unfortunately-
these second-cycle, two-ear crosses represent only three families 
out of those tested in 1968, but to have included crosses of other 
families would have meant using crosses of lower yield potential. 
The one-ear x two-ear crosses were selected on the basis of known 
hybrid performance of the inbred parents; the performances of 
these particular crosses from previous studies were not known. 
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The experiments were grown as Elxperiment 31 at Ames and Experiment 
32 at Ankeny in 1969, 1970, 1971, and 1972. In 1972 data for hybrid 27 
were missing, so values based on that hybrid's performance in other envir­
onments and densities were calculated to fill in the missing data, thus 
allowing the full analysis of all hybrids, densities and environments. 
It should in no way affect the types 1, 2, and 3 means or interactions. 
Plot size at Ames was 152.4 cm x 508 cm (2-row plots, 76.2 cm between 
rows) and the plot size at Ankeny was 182.9 cm x 482.6 cm (2-row plots, 
91.4 cm between rows). Each experiment had three replications and uti­
lized a randomized complete block field design with split plots, whole 
plots being plant densities with hybrids randomized as subplots. The 
whole plots were randomized as strips across the three replications to 
facilitate the mechanics of the experiment. This field design permits 
a valid test for plant densities only in the combined analysis of 
experiments. Interactions involving hybrids and plant densities may 
be tested in any experiment. 
Details relative to each of the six plant densities in each ex­
periment are shown in Table 2. This range of plant densities was 
chosen to include a low density at which essentially no competition 
between plants would occur and to extend to a density high enough that 
the optimum density for all hybrid yields had been exceeded. Chains with 
spaced tabs were used to obtain proper between-hill spacings in 
the rows. To obtain as perfect stands as possible, overplanting 
and thinning were carried out. To provide competition to the 
end plants in each row, plants were grown at the midpoint of 
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Table 2. Information on six plant densities used in the 
Experiments 31 and 32 at Ames and Ankeny, 1969-1972 
Plants/plot 
after thinning Plants/acre Plants/hectare 
Density Ames Ankeny Ames Ankeny Ames Ahkeny 
1 16 18 8363 8253 20674 20387 
2 24 27 12545 12380 31010 30580 
3 32 36 16726 16506 41347 40774 
4 40 45 20909 20633 51684 50967 
5 48 54 25090 24759 62021 61160 
6 56 63 29271 28886 72358 71354 
each row in the alleys. Plant densities shown in Table 2 were 
calculated on the basis of a plot having a total length between 
the midpoints of the adjacent alleys. Consequently, because of 
the plants being grown in the alleys, the actual plant densities 
were slightly higher than indicated. In converting ear com field 
weight to q/ha shelled grain, conversion factors were used that 
reflected actual plot size. Cultural practices such as early 
planting, plowed down fertilizer, and side dressed nitrogen were 
used to optimize environmental conditions whenever possible. 
Table 3 lists the planting dates, fertility treatments, and other 
notes on the environments for all eight experiments. Ears from each 
plot were hand harvested, counted and weighed in the field, and plots 
were gleaned following harvest to insure against harvest losses. Number 
of ears per hundred plants was determined for each plot according to the 
Table 3. Information relative to experimental environments 
Fall (Plowdovm) 
Planting kq/ha 
No. Location Year Date ^2^5 ^2® 
1 Ames 1969 May 14 112.1 112.1 
2 Ankeny 1959 May 28 94.1 94.1 
3 Ames 1970 April 24 112.1 112.1 
4 Ankeny 1970 May 22 112.1 112.1 
5 Ames 1971 April 23 112.1 112.1 
6 Ankeny 1971 May 13 112.1 112.1 
7 Ames 1972 Apr. 24,25 112.1 112.1 
8 Ankeny 1972 May 18 112.1 112.1 
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Spring 
Pre-plant 
(kg/ha) 
N 
Late June 
Sidedress 
(kg/ha) 
N Other Notes 
112.1 56.0 Excellent climatic conditions. Severe storm 
in early Sept. caused premature stalk lodging. 
160.3 None Too wet in late June to sidedress N. 
168.1 56.0 Soil drifting damage in late May. Heat and 
drought stress in July. 
168.1 56.0 Heat and drought stress in July. 
168.1 56.0 Severe rain and windstorm (early July) caused 
99% root lodging in all plots. Heat and drought 
stress in late June and again during grain filling 
168.1 56.0 Heat and drought stress in June and during grain 
filling. The later planting at Ankeny caused 
drought effects to be more severe than at Ames, 
168.1 56.0 Rain and windstorm in early July caused some 
root lodging. Soil moisture adequate throughout 
the growing season. 
168.1 56.0 Late planting because of wet spring. Soil 
moisture adequate throughout the growing season. 
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formula; ears/100 plants = (ears per plot/plants per plot) x 100. A 
moisture sample consisting of two rows of kernels from each of 12-15 
ears picked at random frcan each plot was obtained in the field and 
sealed in plastic and foil packaging, A 250-gram sample was subse­
quently tested for moisture percentage in the laboratory using a 
Steinlite moisture meter. Conversion of pounds ear weight per field 
plot to q/ha of shelled grain was done by a ccanputer formula based on 
an average shelling percentage and 15.5% moisture. 
During the 1972 growing season, data on 50% silk date were 
taken for Experiment 31 and ear and plant height data were taken 
for Experiment 32. Leaf area measurements were also taken for 
the hybrids in the elite,nonprolific and second-cycle, two-ear 
groups in Experiment 32. Experiment 31 was grown at Ames and 
was conveniently located for daily checks on silk emergence, 
vAiereas the location of Experiment 32 did not lend itself to 
routine daily checks. The plots at Ames were lodged to varying 
degrees in 1972, whereas Ankeny was essentially free of lodging. 
Therefore, plant and ear height data were obtained fran the 
Ahkeny location. Based on research by El-Lakany and Russell 
(1971), it was felt that there should be little genotype by 
environment interaction of these characteristics. 
For ear- and plant-height data, the first five ccxnpetitive 
plants in each of two rows in a plot were measured, excluding 
end plants, and a plot mean was calculated. For the leaf area 
measurements,a sample of five plants per plot was chosen at 
remdom, excluding end plants. Individual leaf lengths and 
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widths at the widest point were measured for h. of the leaves (one 
side of the plant) during early August. The area of an individual leaf 
was determined by the formula, area = length x width (at the widest 
point) X .75, and the leaf area per plant was obtained by summing the 
area of all measured leaves and multiplying by two. Total leaf area 
per plot was calculated as the product of leaf area per plant x actual 
stand count. The leaf area index of the hybrid was computed based on 
the formula: LAI = total leaf area per plot/area of the plot. 
In 1972, two complementary experiments (100 and 101) were 
conducted. Experiment 100 was designed as a pilot study to determine 
the effects of the growth regulators, auxin and kinetin, on the 
prolific tendency observed in hybrids from two of the groups in 
Experiments 31 and 32. The experiment tested a new method of 
chemical placement (injection by hypodermic syringe beneath leaf 
sheaths). (Q66-7 x Q67-9)-4-4-2-2 and (Q97-10 x Q98-10)-1-4-1-1-1 
were chosen to represent the second-cycle, two-ear group of hybrids; 
B37 X B54 and N28 x Mol7,to represent the elite nonprolific group. 
B37 X 854 silked out during a very muddy period when the treatments 
could not reasonably be applied and was dropped fran the experiment. 
Plots were overplanted and thinned to a population of 42,000 plants/ha. 
The field design consisted of three replications of a randomized 
complete block with split-split plots. Whole plots, hybrids, were 
randomized independently in each replication, with the sub-plots, 
chemical treatments, randomized within -aach whole plot, and the 
sub-sub-plots, node of application, randomized within each sub-plot. 
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The chonical treatments were as follows: 
1. lO'^M lAA (indoleacetic acid) 
2. 10'\ lAA 
3. 10"\ lAA 
4. lO'^M lAA 
5. 10~^M Kinetin 
5. Lanolin (injection of carrier only) 
7. Control (No injection) 
Each of these treatments, except the control, was injected in 
lanolin carrier by h\'podermic syringe through the base of the leaf 
sheath, but not into the stem. The objective was to place the 
chemical in contact with the developing ear shoot at an early stage 
(prior to shoot emergence). This technique proved successful in 
accuracy of placement and retention of the chemical treatments. 
The nodes of application were; 1) two nodes below the top 
ear node, 2) one node below the top ear node, 3) at the top ear 
node, and 4) one node above the top ear node. Since application 
of the treatments was to be made prior to appearance of the top ear 
shoot, it was necessary to predict the node at which the top ear 
shoot would develop. Information relative to this characteristic 
was obtained from the ^•Jiriual Report of Com Breeding Investigations 
(1971), Iowa State University and USDA Com Breeders, and is shoivn 
in Table 4. Leaves were counted on each plant at a very early 
stage, while the first leaf was still intact, and the fifth leaf 
was marked by clipping off about two inches of the leaf tip. 
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Table 4. Means for leaf number and node number of three h^rids 
grown at Ames in 1969, 1970, and 1971 
Leaf number Node number 
Hybrid Ear Plant Ear Plant 
(Q97—10 X Q98—10)—1—4—1—1—1—1 16.6 22.8 9.3 15.7 
(Q66—7 x Q67—9)—4—4—2—1—1—1 17.2 24.1 9.6 16.7 
N28 x Mol7 14.8 21.2 7.5 14.1 
Later, before the fifth leaf was dropped, the tenth leaf was clipped 
on each plant. Prior to application of the chemical, wire twist-ties 
were placed around the stem just above the leaf sheath into which 
the injection was planned. This position was determined according 
to the data in Table 4. The injection was subsequently made through 
the base of the leaf sheath immediately below the marker tie. 
There was considerable error involved in marking the node for 
application. This error was largely due to some confusion at the 
time of tagging concerning the order of randomization of hybrids and 
resulted in the data from Table 4 being applied to the wrong hybrids 
to estimate node of top ear emergence. The experiment had been 
planned with the expectation of considerable error in this estimation 
and it was not totally unexpected that this degree of error resulted 
in the discarding of two of the four planned nodes of application. 
COTiplete data were obtained for the tv;o nodes considered most 
critical, one node below the top ear and at the top ear. 
At harvest, plants were checked and bagged according to actual 
relationship of the injection to the top ear node. One replication 
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was discarded because this check was not performed during harvest 
and considerable mixture within rows occurred due to the deviation 
of the expected node of top ear ortergence from the actual node of 
emergence. Data on number of ears per plant and shelled grain weight 
per plant were obtained for first, second, and third ears after 
drying to a constant moisture level. 
Experiment 101 was planned to investigate the relative potentials 
of the elite, nonprolific and the second-cycle, two-ear hybrids to 
transfer yield to an alternate ear when the normal development of 
one ear was prevented by covering that shoot at the time of polli­
nation. Tîie twenty-one hybrids chosen for this experiment were the 
same as h^rids 1-21 in Table 1. 
Ihe field design consisted of three replications of a randcxnized 
complete block design. Three-row plots of hybrid entries were random­
ized independently in each replication. Each of the three rows 
within a plot received one of the following treatments at random; 
1) top ear covered, 2) second ear covered, and 3) control. Since 
observations consisted of interactions between rows within a plot, 
this was not treated statistically as a split-plot design. Plots 
were overplanted and thinned to a stand of 42,000 plants/ha. The 
designated ear ^oots were covered before silk emergence with glasine 
bags which were then left in place to prevent pollination and subse­
quent grain development on the covered ear. The first ten plants, 
disregarding end plants and those not treated, were harvested from 
each plot. First and second ears from the control plots were 
harvested, dried, shelled, and weighed separately. 
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STATISTICAL MEÎHODS 
The objective of the statistical analysis of Experiments 31 
and 32 was to establish the significance of the main effects 
(hybrids, densities, and environments) on yield and to elucidate 
the nature of their components and interactions. Densities and 
hybrids were considered to be fixed effects and the environments 
effect was considered randan. 
Analyses for single plant densities at each environment, which 
summarized each year's data by location as it became available, are 
contained in the Appendix. These analyses were done according to 
the model: 
^xl - + "l * 'il 
Y.^ = yield of the il'th observation; i = 1,...,3, 1 = I,...,28, 
M. = mean of the population sampled by the ^ 
R. = replication mean; i = 
= hybrid mean; 1 = 1,...28. 
e^^ = random error associated with the il'th observation. 
The sources of variation with their respective degrees of freedom 
and expected mean squares are shown in Table 5-6. 
Table 5-6. Analysis of variance for 28 hybrid varieties grov.'n in 
three replications at one location. 
Source 
D. 
symbolic 
P. 
numeric E.M.S. 
Replications (r-1) 2 pa ] 
Hybrids (h-1) 27 + r(K) 
Error (r-l)(h-l) 54 0-^ 
= variance due to random error. 
bH = squared effect due to hybrids. 
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F-tests of significant differences among hybrid yields were calcu­
lated as: Hybrids M.S./error M.S, In these analyses the densities 
effect could not be tested for significance, since densities were not 
randomized independently in each replication. 
A combined analysis of all densities at a single environment 
according to the following model allowed the testing for significant 
differences among the hybrids by densities interactions. 
Y.,_ = D, + R(D).\ + DH, ^  + pooled error ikl k ivk) 1 jCx 
= yield of the ikl'th observation; i = 1,...,3, k = 1,..«,6, 
1 = 1,...;28. 
= mean of the population sampled by the s 
= density mean; k = 
R(D)i(j^) = replication mean within density; i = 
= hybrid mean, 1 = 1,.,.,28« 
= interaction of the k'th density with the 1'th hybrid. 
Pooled error = interactions of and with replications. 
The sources of variation with their respective degrees of 
freedom and expected mean squares are shown in Table 7. 
Tables 39 through 54 of the Appendix contain the analyses 
at individual densities and the canbined analyses for each of the 
eight environments. F-tests for significant differences between 
hybrid by densities interactions were calculated as: Hybrids by 
Densities M.S./pooled error M.S. 
The cOTibined analysis over all environments and densities 
was based on the following model. 
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Table 7. The combined analysis of variance of 28 maize hybrids 
over six densities at one environment 
Source 
D.F. 
symbolic numeric E.M.S. 
Densities (d-1) 5 
Replications/Densities d(r-l) 12 
Hybrids (h-1) 27 <r^ + rd(H)^ 
Hybrids x Densities (h-l)(d-l) 135 + r(HD)^ 
Pooled error d(r-l ) (h-1) 324 cr ^ 
= variance due to random error. 
^ = squared effect due to hybrids. 
^HD = squared effect due to interaction of densities and hybrids. 
= ./K+ Nj + + pooled error. 
Y.. ^ = yield of the jkl'th observation, 
JKJ. 
= mean of the population sampled by the Y^,,, , ^ 
= environment mean; j = 1,...,8. 
Dj^ = density mean; h = k,.... 6.  
ND., = interaction of the j'th environment with the k'th density. 
JJc. 
= hybrid mean; 1 = 1,...,28. 
= mean of the I'th hybrid in trie j'th environment. 
DHj^^ = mean of the I'th hybrid in the k'th density. 
NDH.. - = mean of the I'th hybrid in the k'th density in the j'th env. jKl 
Pooled error = (mean of the pooled errors from environments)/3. 
The sources of variation with their respective degrees of 
freedom and expected mean squares for this analysis are shown in 
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Table 8, Data for this analysis consisted of the hybrid means 
over replications. Therefore, the pooled error term was calculated 
by dividing the pooled sum squares for error from each of the eight 
environments by the pooled degrees of freedom for those error 
terms. Further division by three placed the error mean square on 
a mean basis over replications. Bartlett's test showed hcxnogeneity 
of error variances across the eight environments. 
Partitioning of several effects was done to obtain more specific 
information from the analysis described in Table 7. The density 
effects and all interactions involving densities were partitioned 
as shown in Table 9 to specify the linear, quadratic, and residual 
components and their interactions. The hybrid effects and all 
interactions involving densities were partitioned as shown in 
Table 9. The three degrees of freedom for the among-types effect were 
further partitioned into three orthogonal comparisons with one degree 
of freedom each. The orthogonal comparison of most interest 
was that of elite, nonprolific hybrids (Type 1) versus second-cycle, 
two-ear hybrids (Type 3). In addition Types 1 and 3 were tested 
versus Type 2 (first-cycle, two-ear hybrids), and Types 1, 2, and 
3 were tested versus Type 4 (one-ear x two-ear hybrids). 
F-tests for significant differences among the various effects 
were calculated as F = effect M.S./error K.S. using the following 
mean squares as error terras: 
1. Ml interactions with environments were tested using the 
pooled error mean square as the denominator. 
Table 8. Combined analysis of variance for the randomized conplete block design used to 
evaluate the yield of 28 hybrids at eight environments with six plant densities 
at each environment 
Source D.F. E.M.S. 
Environments 
Densities 
Densities x Environments 
Hybrids 
Hybrids x Environments 
Hybrids x Densities 
(n-1) 
(d-1) 
(n-l)(d-l) 
(h-1) 
(n-l)(h-l) 
(d-1)(h-1) 
Hybrids x Densities x Environments (n-1)(d-1)(h-1) 
Pooled error nd(h-l) 
(tW 
(xVr 
<rW 
.1 
N O H  
.X .  
Un (or 
•i- -r: 
+ d f n d ^ l ^y  ^
+ n(OH)^ 
~ variance due to environments. 
= squared effect due to densities. 
variance due to the interaction of environments and densities. 
^ H = squared effect, due to hybrids. 
= variance due to the interaction of environments and hybrids. 
^PH = squared effect due to the interaction of densities and hybrids. 
^*%PH= variance due to the interaction of environments, densities, and hybrids. 
= variance due to random error. 
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Table 9. Combined analysis of variance partitioned to show the 
linear and quadratic effects of densities and to show 
comparisons among and within types of hybrids 
Source D.F. 
Environments ( n-1 ) 
Densities (d-1) 
D-
D: 
°i 1 
_q 1 
°r (d-3) 
D X N (d-1)(n-1) 
D]_ X N (n-1) 
Dq X N (n-1) 
Dj. X N (d-3)(n-1) 
Hybrids (h-1) 
Types (t-1) 
1,2,3 vs 4 1 
1,3 vs 2 1 
1 vs 3 I 
H(T) t(v-l) 
H(T%) (v-1) 
H(T2) (v-1) 
H(T3) (v-1) 
H(Ta) (v-1) 
H X N (h-1)(n-1) 
T X N (t-l){n-l) 
1,2,3 vs 4 X N (n-1) 
1,3 vs 2 X N (n-1) 
1 vs 3 X N (n-1) 
H(T) X N (h-1)(n-1) 
H(T^) X N (v-1)(n-1) 
K(T2) X M (v-l)(n-l) 
HtTg) X N (v-1)(n-1) 
HtT^) X M (v-1)(n-1) 
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Table 9. (continued) 
source D.P. 
D 
X D 
1 ,2,3 vs 4 X D 
1,2,3 vs 4 X Di 
1,2,3 vs 4 X Do 
1,2,3 vs 4 X 
1 ,3 vs 2 X D 
1,3 vs 2 X D]_ 
1,3 vs 2 X Da 
1,3 V3 2 X 
1 vs 3 X D 
1 vs 3 X Dl 
1 vs 3 X Do 
1 vs 3 X D; 
H(T) X D 
H(Ti) X D 
H(Ti) X Dl 
H(Ti) X Dq 
H(Ti) X Dr 
H(T2) X D 
H(T2) X Dl 
H(T2) X % H(T2) X 
H(T3) X D 
H(T3) X Dl 
H(T3) X Dq 
H(T3) X Dr 
HCT^) X D 
H(T4) X Dl 
H(T4) X Da 
HtT^) X Dr 
(h-1) 
(t-l)(d-l) 
(d-1) 
1 
1 
(d-3) 
(d-1) 
1 
1 
(d-3) 
(d-1) 
1 
1 
(d-3) 
t(v-l)(d-l) 
(v-l)(d-l) 
(v-1 ) 
(v-1) 
(d-3)(v-1) 
(v-1)(d-1) 
(v-1) 
(v-1) 
(d-3)(v-1) 
(v-1)(d-1) 
(v-1) 
(v-1) 
(d-3)(v-1) 
(v-i)(d-i) 
(v-1) 
(v-1) 
(d-3)(v-1) 
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Table 9, (continued) 
Source D.F. 
H X D X N 
T X D X N 
1,2,3 vs 4 X D X N 
1,2,3 vs 4 X X N 
1,2,3 vs 4 X DqX N 
1,2,3 vs 4 X Dp X N 
1,3 vs 2 X D X N 
1,3 vs 2 X Di X N 
1,3 vs 2 X Dq X N 
1,3 vs 2 X Dr x N 
1 vs 3 X D X N 
1 vs 3 X Di X N 
1 vs 3 X Dq X N 
1 vs 3 X Dv- X N 
(h-l)(d-l)(n-l) 
(t-l)(d-l)(n-l) 
(d-l)(n-l) 
(n-1 
(n-1 
(d-3)(n-l 
(d-l){n-l) 
(n-1 
(n-1 
(d-3)(n-l 
(d-l)(n-l) 
(n-1 
(n-1 
(d-3)(n-l 
H(T) X D X N t(v-l)(d-l)(n-l) 
H(Ti) X D X N (v-l)(d-l)(n-l) 
H(Ti) X Di X N (v-1)(n-1 
H(Tl) X Dq X N (v-1)(n-1 
H(Ti) X Dj. X N (d-3)(v-l)(n-l 
H(T2) X D X N (v-l)(d-l)(n-l) 
H(T2) X Di X N (v-1)(n-1 
H(T2) X Da X 
X D^ X 
N (v-1)(n-1 
H(T2) N (d-3)(v-l)(n-l 
MÎT?) X D X N (v-l)(d-l)(n-l) 
HIT]) X D]_ X N (v-1)(n-1 
H(T3) X Dq X N (v-1)(n-1 
H(T3) X Dr X N (d-3)(v-l)(n-l 
H(T4) X D X N (v-l)(d-l)(n-l) 
H(T4) X Dx X N (v-1)(n-1 
H(TA) X Dq X N (v-1)(n-1 
H(T4) X Dr X N (d-3)(v-l)(n-l 
Pooled error nd(h-l) 
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2. All other effects were tested using the interaction of 
any given effect by randan environments as the error term. 
Computation of stability parameters for the individual hybrid 
and hybrid type means v/as done according to the method outlined by 
Eberîiart and Russell (1966) as shown in the modified analysis of 
variance table, Table 10. Two parameters, 1) the linear coefficient 
of regression of hybrid yields on the environment means, and 
2) deviations from that regression, together with the mean yield 
for each hybrid or type under consideration, were considered the 
critical parameters needed to compare stability of yield. 
The model, was used to describe the 
performance of a hybrid over a series of environments. is 
the hybrid mean of the i'th variety at the j'th environment, is 
the i'th variety mean over all environments. is the regression 
coefficient that measures the response of the i'th hybrid to 
varying environments, (C^ is the deviation from regression of the 
i'th hybrid at the j'th environment and is the environmental 
index obtained as the mean of all entries at the j ' th environment 
minus the grand mean. The first stability parameter, the 
regression coefficient, is estimated in this manner: 
The second parameter, mean squared deviation, is estimated as; 
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Table 10. Modified analysis of variance for computation of stability 
parameters for 28 hybrids across eight environments 
Source of variation D.P. 
Hybrids (h-1) 
Types (t-1) 
H(T) t(v-l) 
Environments (n-1) h(n-1) 
H X N (n-1)(h-1) 
Environments (linear) 1 
H X Ni (h-1) 
Types X N]_ (t-1) 
H(T) X Ni t(v-l) 
H(Ti) X (v-1) 
H(T2) X (v-1) 
H(T3) X Nj (v-1) 
H(T4) X Ni (v-1) 
Pooled M.S.D. h(n-2) 
H(Ti) v(n-2) 
Hybrid 1 (n-2) 
Hybrid 7 (n-2) 
:) v(n-2) 
Hybrid 8 (n-2) 
Hybrid 14 (n-2) 
H(T3) v(n-2) 
Hybrid 15 (n-2) 
Hybrid 21 (n-2) 
H(T4) v(n-2) 
Hybrid 22 (n-2) 
Hybrid 28 (n-2) 
Pooled error nd(h-l) 
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where; 
A separate stability analysis for the hybrids over eight environments was 
performed for each density and for the mean of six densities. An additional 
stability analysis was calculated for the same hybrids based on 48 density-
location environments. 
Estimates of heritability (general sense) were computed by the 
components of variance method for the hybrids of each type in each density. 
The expected mean squares for effects in Table 7 were used to calculate 
these estimates. Since the hybrids selected for this series of experiments 
are considered fixed, the resulting estimate might be more aptly termed 
a repeatability estimate and should not be used in Inference to other 
hybrids. The worth of the estimate lies in predicting at vrfiat density 
genetic differences for yield potential are most likely to be detected. 
Presumably, the optimum density may differ for the different types of 
hybrids. 
Ear height and plant height data were analyzed according to the 
randcanized complete block model as was used for the combined analysis of 
grain yield over densities in a single experiment (See Table 7). The 
F-test for significance of the densities effect on these characters 
is, therefore, not valid since densities were not randcatiized in each 
replication. Leaf area index data for 14 hybrids were analyzed 
separately in each density before a combined analysis was done. 
Experiment 100, which investigated the effects of differential 
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growth regulators on ear formation in prolific and npnprolific 
h^rids, was analyzed according to a randomized complete block 
design with split-split plots. Sources of variation with their 
respective degrees of freedom and ea^ected mean squares are shown 
in Table 11. The P-tests for significant differences between hybrids 
were calculated as Hybrids M.S./error (a) M.S. P-tests for 
differences among treatment and among hybrids by treatment inter­
actions were calculated as effect M.S./error (b) M.S. 
One of the treatments in Experiment 100 consisted of an 
absolute control (no treatment applied), another consisted of a 
lanolin control (carrier applied without growth regulator). An 
initial analysis was run to examine the difference between these 
two types of control plots. In this preliminary analysis it 
Table 11. Analysis of variance for testing the effect of growth 
regulators on single-cross hybrids of maize 
Source D.P. E. M.S. 
Replication (r-1) 
Hybrids (h-1) -a + r(H)a 
Error (a) (r-l)(h-l) erf 
Treatments (t-1) 4 + rh(T)^ 
Hybrids x Treatments (h-l)(t-l) <r2 + r(HT)^ 
Error (b) (r-1)(h-1)(t-1) 
% = squared effect due to h^rids. 
^<7-2 = random error associated with hybrids means. 
'-T = squared effect due to treatments. 
^HT = squared effect due to the interaction of hybrids and treatments. 
= ranaoTA error associated with the hybrid by treatment interaction. 
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became evident that none of the treatments exhibited significant 
effects. However, the data thus far had been treated as means over 
two nodes of application, so a further analysis was done to look 
at the nodes effect and its interaction with the other effects in 
the previous model. It was realized that a treatment effect could 
depend upon the node of application, hence the interaction of 
treatments by nodes was an important consideration. 
The experimental design for Experiment 101 was a randomized 
complete block. The analysis was done according to the model; 
= X + + Hj + error where: 
Y.. = yield of the j'th hybrid with treatment k in the i'th 
^ replication. 
M. = population mean 
= replication mean; i = 1,...,3. 
Hj = hybrid mean; j = 1,...,21. 
error = random error associated with hybrids. 
Sources of variation with their respective degrees of freedom and 
expected mean squares are the same as shown in Table 5-6, except that 
there are only 20 D.F. for hybrids. P-tests for significant differences 
among hybrids were calculated as Hybrid M.S./error M.S. 
40 
RESULTS AND DISCUSSION 
The main effects - densities and h^rids - in Experiments 31 and 
32 were shown by statistical analysis to be highly significant. In 
addition, all first- and second-order interactions of these main 
effects were significant according to the P-tests in Table 13, The 
effect of environments and the densities by environments interaction 
can not be tested accurately due to experimental design, but the 
magnitude of their mean squares suggests their significance. Certain 
partitioned components of the main effects were nonsignificant, as 
were several of the interactions between partitioned components. 
Discussion will be concerned with those components showing statistical 
significance in Table 13. Analyses of variance for yield in each 
environment at each density and pooled over densities are contained 
in Tables 39-54 of the Appendix. 
environment, and density-environment ccxnbination. Mean yields of all 
hybrids in each density, averaged over all environments, increased 
with densities from 1 to 4 and then decreased to density 6. 
Densities (linear) and densities (quadratic) were highly significant 
and accounted for almost all the variation in yield caused by 
differences in plant density. The quadratic nature of the response 
curve reflects the occurrence of the highest yield at a medium density. 
The more severe decrease in yield below than above density 4 gave 
rise to the positive linear trend. Near-equality of the densities 
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Table 13» Combined analysis of variance over 8 environments with main 
effects partitioned to show the effects of plant densities 
(linear and quadratic) on hybrid yields, and showing 
orthogonal comparisons among and within four types of hybrids 
Source D.F. M.S. F 
Environments (N) 7 21129.81 
Densities (D) 5 9389.52 25.24** 
Di{linear) 1 25850.87 18.93"' 
Dq(quadratic) 1 20799.91 65.96'" 
Dr(residual) 3 98.74 1.65 
D X N 35 371.95 
Di X N 7 1355.88 
Dq X N 7 315.33 
Dr X N 21 59.54 
Hybrids (H) 27 2713.25 18.90*' 
Types (T) 3 12308.02 42.03" 
1,2,3 vs 4 1 4227.31 91.26" 
1,3 vs 2 1 30986.35 83.19*' 
1 vs 3 1 1710.41 3.72 
Within Types (H(T)) 24 1513.90 12.12" 
H(Ti) 6 497.53 4.61** 
H(T2) 6 2991.61 30.71*' 
H(T3) 6 503.15 3.70" 
6 2053. 3'! 13.04" 
H X N 189 143.54 9.17'* 
T X N 21 292.36 18.75*' 
1,2,3 vs 4 X N 7 46.32 2.97 
1,3 vs 2 X N 7 372.49 23.85*' 
1 vs 3 X N 7 459.78 29.44'* 
H(T) X N 168 124.87 7.99*' 
H(Ti) X N 42 107.86 6.91** 
H(T2) X N 42 97.43 6.24** 
H(T3) X N 42 136.00 8.71** 
H(T4) X M 42 158.21 10.13** 
Statistically significant at the 1% level. 
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Table 13. (cCTitlnued) 
Source D.F. M.S. 
H X D 
T X D 
1,2,3 vs 4 X D 
1,2,3 vs 4 X Di 
1,2,3 vs 4 X Dq 
1,2,3 vs 4 X Dr 
1,3 vs 2 X D 
1,3 vs 2 X Dx 
1,3 vs 2 X Dq 
1,3 vs 2 X Dr 
1 vs 3 X D 
1 vs 3 X Di 
1 vs 3 X Dq 
1 vs 3 X Dr 
H(T) X D 
H(Ti) X 
H(Ti) 
H(Ti) 
H(Ti) 
H(T2) X 
H(T2) 
H{T2) 
H(T2Î 
HfTg) X 
H(T3) 
HCTg) 
H(T3) 
H(T4) X 
H(T4) 
H(T4) 
H(T4) 
Dl 
D„ 
Dl 
Dq 
Dl 
Dl 
0? 
135 141.43 4.61** 
15 695.48 15.39** 
5 233.88 6.68** 
1 1025.92 11.24** 
1 110.69 3.35 
10.94 .65 
5 181.57 5.05** 
1 19.71 .49 
1 722.43 12.44** 
55.24 2.47 
5 1672.19 25.96** 
1 5426.07 35.66** 
1 2490.89 30.60** 
3 148.00 5.02** 
120 72.18 2.50** 
30 84.58 2.12** 
6 298.57 4.12** 
6 60.68 1.66 
18 21.22 .71 
30 78.43 3.70** 
6 242.00 6.69** 
6 86.06 4.60** 
IS 21.35 1.26 
30 68.64 2.35** 
6 171.41 2.75* 
6 52.99 1.78 
18 39.60 2.21** 
30 57.07 2.27** 
6 134.58 2.39* 
6 88.02 3.77'* 
18 20.92 1.36 
•Statistically significant at the 5% level. 
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Table 13. (continued) 
Source D.F. H.S. F 
H X D X N 945 30.65 1.96*' 
T X D X N 105 45.19 2.89*' 
1,2,3 vs 4 X D X N 35 35.00 2.24*" 
1,2,3 vs 4 X X N 7 91.25 5.84*' 
1,2,3 vs 4 X Dq X N 7 33.03 2.11 
1,2,3 vs 4 X Dr x N 21 16.91 1.08 
1,3 vs 2 X D X N 35 35.95 2.30*' 
1,3 vs 2 X Di X N 7 40.43 2.59 
1,3 vs 2 X Dq X N 7 58.09 3.72* 
1.3 vs 2 X Dr X N 21 22.39 1.43 
1 vs 3 X D X N 35 64.42 4.12*' 
1 vs 3 X Di X N 7 152.18 9.74" 
1 vs 3 X Dq X N 7 81.40 5.21' 
1 vs 3 X Dj- X N 21 29.51 1.89' 
H(T) X D X N 340 28.83 1.85" 
H(Ti) X D X N 210 39.81 2.55" 
H(Ti) X Di X N 42 72.40 4.64" 
H(Ti) X Dq X N 42 36.57 2.34" 
H(Ti) X Dr X N 126 30.03 1.92" 
H(T2) X D X N 210 21.18 1.35" 
H(T2) X Di X N 42 36.18 2.32" 
H(T2) X Dq X N 42 18.70 1.19 
H(T2) X X N 126 17.01 ] .08 
HtTg) X D X N 210 29.19 1.85" 
H(T3) X DI X N 42 62.33 3.99" 
H(T3) X Dq X N 42 29.82 1.91" 
H(T3) X Dr X N 125 17.93 1.14 
H(T4) X D X~N 210 25.14 1.61" 
H(T4) X DX X N 42 56.33 3.61'* 
H(T4) X Dq X N 42 23.32 1.49* 
H(T4) X Dr X N 126 15.35 .98 
Pooled error 1278^ 15.62 
^Covariance analyses (Tables 48 and 52) and missing hybrid (Tables 
52 and 53), therefore D.F. = 1278, 
Table 14. Mean yields of 28 hybrids evaluated at eight environments and six plant densities 
Environments 
Density 1 2 3 4 5 6 7 8 X 
1 84. 6® 63. 0 68. 4 68, .7 61. 3 62. .5 83.9 76.9 71. ,2 
2 90. 5 76, .3 80. 7 79, .6 70. 1 67. ,9b 92.5a 89.2 80. 8 
3 92, ,0 82, .5 92, ,0 87. ,4 72. ,8 66. 8 97.0® 96.3 85, ,8 
4 96, >6 87, ,3^ 96, ,7^ 89. .8'^  76, .3^ 64. 8 100.33b 100.2b 89, ,0 
5 97, ,9^ 85.4 92, ,4 87.4 70, ,2 65, 0 99.3 100.2® 87.2 
6 93. 4 81. ,6 93, .6 82. ,3 70, .0 60, 9 97.3 98. 2® 84.7 
X 92, ,5 79. .4 87. ,3 82. ,5 70. 1 64. 6 95.0 93.5 83.1 
^Highest yielding environment at that density, 
highest yielding density at that environment. 
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(linear) and (quadratic) mean squares indicated similar equality regarding 
their importance in explaining the mean response of all h^rids to the 
range of densities tested. 
The wide range of yield potential for the environments, ranging 
in mean yields from 64.6 q/ha to 95.0 q/ha (Table 14), was highly 
desirable for estimating environmental stability parameters discussed 
later. While the optimum environment averaged over all densities 
was environment 7, tiiere were three densities at which other environments 
were optimal. In densities 5 and 6, maximum yield was obtained in 
environment 8, the second highest yielding environment over all 
densities. Environment 8 occurred in the same year as environment 7, 
but at a different location. In density 1, yield was maximized in 
environment 1, the third highest yielding environment, but the 
difference between that yield and the yield in environment 7 was 
not significant. Yield in densities 5 and 5. the two highest densities-
may have been suppressed in environment 7 by root lodging» which 
occurred before silking, and thus reduced ear set compared to environ­
ment 8 vihere no lodging occurred. The number of ears produced per 
100 plants in environment 7 was 104.9 and 100.9 for densities 5 and 
6 respectively, vAlle the same numbers for environment 8 were 108.2 
and 106.1. As densities decreased, environment 7 became the more 
conducive environment for ear develojxnent, suggesting the superiority 
of environment 7 v±ien lodging was not a problem. 
In all environments except two, the highest average yield was 
obtained at density 4. In environment 6, the environment with 
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lowest mçan yield, the optimum was density 2, This lower optimum 
density can be explained by the heat and drought stress in June and 
again during grain filling,which caused the competition for soil 
moisture to become severe at a lower density than normal. In environ­
ment 1, the third highest yielding environment, occurrence of the 
higher optimum, density 5 instead of 4, can be explained by the reverse 
reasoning as that used for environment 6. In environment 8, the second 
highest yielding environment, the optimum density appeared to be between 
densities 4 and 5. One might have expected the highest optimum density 
to have occurred in the environment with highes^ mean yield. However, 
root-lodging in densities 5 and 6 caused by a windstorm in environment 
7 prior to silking may have been morç severe than in the lower densities, 
thus lowering the optimum compared to the expected optimum density. 
No lodging data are available to support that explanation, however. 
The h^rids effect was highly significant in the statistical 
analysis (Table 13), with both partitioned conponents, among hybrid 
types and among hybrids within typçs, also highly significant. Table 15 
lists thç yields for each hybrid and the mean yield for each hybrid 
type averaged over all densities and environments. Three high-
yielding hybrids were the "Q97 x Q98" hybrids (hybrids 19, 20, 21). 
The other type 3 hybrids were similarly high-yielding ire suiting in 
i^ype 3 being the highest-yielding hybrid type. N28 x Mol7 and 
B37 X B57 were high-yielding hybrids in type 1, and Mol 7 x B67 and 
B37 X B67 were high-yielding hybrids from type 4. Type 2 had no 
exceptionally high-yielding hybrids, as would be expected since 
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Table 15. Mean yield of hybrids over all densities and environments 
Hybrid Number Pedigree Yield 
1 B37 X Mol7 86.2 
2 N28 X Mol7 89.63 
3 B54 X Mol7 80.7 
4 B37 X 354 85.1 
5 337 X 345 87.8® 
6 337 X 357 90.3a 
7 345 X N28 85.6 
Mean (type 1) 86.5 
8 359 X R71 83.2 
9 359 X HD2158 65.6 
10 367 X R71 83.8 
11 357 X ITE701 74.6 
12 B67 X KD2158 65.3 
13 R71 X ITE701 83.6 
14 R71 X HD2158 77.1 
Mean (type 2) 75.3 
15 (Q66-7 X Q67-9)-4--4-•2-•2 90.1^ 
16 (Q56-7 X Q67-9)-4--6-•2-•1 89.5® 
17 (021-1 X Q22-2)-l. -2-•2-•1. -1 87.0 
18 (021-1 X Q22-2)-3. -1-•2-•l--1 84.4 
19 (097-10 X Q98-10). -1-•2--3-- ! •  -1 94.1a 
20 (097-10 X 098-10). -1-• 2-•4--1. -1 90. 0® 
21 (Q97-10 X Q98-10). -1 -•4-•l--1--1 92.6* 
Mean (type 3) 89.7 
22 337 X R71 73.2 
23 537 X KD215o 74*9 
24 B37 X 367 89.4* 
25 Mol7 X ITE701 83.5 
26 Mol7 X 367 87.ia 
27 N28 X ÏTE701 77.8 
28 N28 X HD2158 74.4 
Mean (type 4) 80.1 
^One of top ten yielding hybrids. 
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they had not evolved from as extensive breeding and testing for high yield 
as had the type 1 and type 3 hybrids. The hypothesis that type 4 hybrids 
might be the highest yielding (Russell, 1968) was disproven for this set 
of 28 hybrids. 
Table 16 presents the hybrid type mean yields averaged over all 
densities at each of the eight environments. There was no significant 
difference between type 1 and type 3 mean yields averaged over all 
environments and densities as shown in the orthogonal comparison 
among types in Table 13, In three environments type 1 hybrids were 
highest yielding, while in the other five environments type 3 hybrids 
yielded more • The lack of significance between overall type 1 and 
type 3 means was due to the variability in relative performance of the 
two types across environments. This variability inflated the hybrid x 
environment mean square used to test significance. The interaction of 
the type 1 versus type 3 comparison by environments resulted because 
the type 3 hybrids yielded better (as a mean over densities) than the 
type 1 hybrids in all high-yield and one low-yield environments, but 
the two types yielded similarly in the remaining low-yield environments. 
This result disagrees with the findings reported by Russell (1958), that 
prolific hybrids perform better in low-yield environments than do non-
prolific hybrids. Of the four lowest yielding environments, three were 
located at Ankeny vAiere planting was delayed relative to Ames. Later 
planting may have been the reason that fewer ears developed per hundred 
plants in the Ankeny location than in the Ames location each year. The 
later planting reduced ear number more in the type 3 hybrids than in 
Table 16. Yield of hybrid types (mean ovav six densities) at each of «ight environments 
Hybrid Type Environment 
1 2 3 4 f) 6 7 8 % 
1 94.5 86.2* 92-9 88.1^ 70,3 69,83 94.2 95.9b 86.5 
2 86.4 71.0 78.9 74.2 66.8 57.4 92.lb 83.7 76.3 
3 100.Oa 84.0 93.6^ 86.7 76.5^ 68.7 102.9a 104.83b 89.6® 
4 89.1 76.3 83.7 81.1 66.9 62.7 91.lb 89.6 80.0 
X 92.5 79.4 87.3 82.5 70.1 64.6 95.0 93.5 83.1 
^Highest yielding type at that environment. 
^Highest yielding environment for that type. 
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type 1 hybrids probably because type 3 hybrids were later maturing. The 
net result in any given year was that type 3 hybrids were unable to 
express their yield potential in the lower-yielding, later-planted 
location and were outyielded by the type 1 hybrids. With earlier planting 
at Ames the type 3 hybrids excelled both in four high-yield and one low-
yield environments. During 1972, the only year of low-stress conditions 
at Ankeny, the detrimental effect of late planting may have been lessened, 
thus allowing the type 3 hybrids to express their yield potential in spite 
of the shorter than optimal growing season. Under such conditions at 
Ankeny, 1972, the type 3 hybrids outyielded type 1 hybrids. 
Type 2 hybrids had an outstanding yield in environment 7, but 
except for that environment they were always far below the mean 
yields of types 1 and 3. This high type 2 mean yield was largely 
responsible for making environment 7 higher in yield potential than 
environment 8. Except for type 2 hybrids, then, environments 7 and 
8 were essentially equal in yield, which was exceptional because in 
all other years the Ankeny experiments yielded far below the Ames 
experiments, due mainly to later planting combined ivith drought 
stress. 
The significance of the h^rid types by densities interaction 
indicated that the hybrid types responded differently to changing 
densities. Table 17 shows the mean yield of each hybrid type in 
each plant density. Each type had its highest yield at density 4, 
but type 1 hybrids varied more over densities than did type 3 
Table 17, Mean yield of hybrid types averaged over eight environments at each of six plant 
densities 
Densities 
Hybrid Type 1 2 3 4 5 6 X bl bq 
1 66.7 84.3 91.7 94.6 92.2 89.3 86.5 2.00#* -1.68** 
2 67.7 73.3 77.9 80.7 79.9 78.3 76.3 1.08'* - .69** 
3 84.8 89.7 90.8 93.6 91.3 87.9 89.7 .33** - .65** 
4 65.4 76.0 83.0 87.2 85.5 83.1 80.0 1.73** -1.18** 
X 71.2 80.8 85.8 89.0 87.2 84.7 83.1 1.28** -1.05** 
Significantly different from b = 0 at Idie .01 level of probability. 
52 
hybrids. The regression coefficients in Table 17 are a measure of the 
hybrid types responses to changes in density. The magnitude of the 
type 1 linear response showed a high degree of dependence upon in­
creased numbers of single-eared plants to produce higher yields. As a 
contrast, the type 3 hybrids had a low linear response due to their 
potential to set more than one ear per plant at lev; densities. If 
density 1 were eliminated, type 3 would have a negative b]_ value. Type 2 
and type 4 hybrids, which are intermediate in prolificacy, had inter­
mediate linear responses, but at lower yield levels than types 1 and 3. 
Of the three orthogonal hybrid type by densities (quadratic) inter­
actions, the 1 vs. 3 and the 1, 3 vs. 2 interactions proved significant. 
This is explained by the large quadratic type 1 response, compared to 
the relatively small quadratic response of type 3. Type 2 hybrids, which 
are also two-ear hybrids, had a similar quadratic response as type 3, 
but at a lower yield level. Since the quadratic responses of types 2 
and 3 were similar, the comparison of mean quadratic responses of types 
1 end 3 vs. 2 showed a significant difference. Figure 1 shows the pre­
dicted response curves for types 1 and 3 based on the second degree 
polynomial. The difference between the two curves in their quadratic 
nature is obvious, type 3 providing a more stable yield across densities. 
The 1 vs. 3 by densities (residual) interaction was the only one of the 
three type comparisons that showed significance for that interaction, 
showing that the two types of hybrids differed for deviations from the 
quadratic response curve. Yields at densities 2 and 3 (30,000 to 40,000 
Figure 1. Predicted yield response of type 1 and type 3 hybrid means 
as affected by six plant densities, from 20,000 to 70,000 
plants/ha 
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plants/ha) of the type 3 h^rlds were nearly equal, giving the response 
curve a plateau and causing the lack of fit to a quadratic model. In 
this density range only small second ears may have been produced, which 
contributed little grain to total yield, but competed with the top ears 
during formation of the cob, husks, and silks. Russell (1968) suggested 
that such a plateau compared to single-eared hybrids might be expected 
in the density range from 25,000 to 40,000 plants/ha. 
Although type 3 hybrids competed very strongly as a mean over 
all densities, their greatest superiority was at the low densities. 
The response of type 1 hybrids to a change from density 3 to 6 was 
much more similar to that for type 3 hybrids over the same range than 
when the entire range of densities was considered. The mean yield of 
type 3 over all densities was higher than for type 1 (although the 
difference was not statistically significant) because of the greater 
yields of type 3 at densities 1 and 2. If type mean yields were com­
pared only across the three highest densities, type 1 would appear 
superior. The higher quadratic response of the type 1 hybrids indi­
cates that there was a more specific optimum density for elite, 
nonprolific hybrids than for prolific hybrids, and any departure above 
or below that optimum density was likely to be more detrimental to 
yield of the elite, nonprolific than to the prolific hybrids. 
%e second-order interaction of hybrids x environments x densities 
was highly significant (Table 13), as were the partitioned components of 
hybrids (types and within types) by environments by densities. This 
indicates that the hybrid by density interaction differed across 
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environments. Tables 55 through 62 of the Appendix list the h^rid 
and hybrid type mean yields for each density in each environment. 
A sharp contrast of two hybrids in the highest-yielding environment 
is illustrated in Figure 2. Q97 x Q98 had a negative b]_ which 
contrasted to the large positive b^ of N28 x Mol7. The negative 
b^ of Q97 X Q98 is an unusual occurrence, but one which occurred 
several times in the response of type 3 hybrids in these experiments. 
Such evidence requires renewed consideration of the optimum density 
for prolific hybrids. 
Figure 3 shows one contrast in the way hybrid types respond to 
densities in different environments. The type 1 hybrids' response to 
densities in the high-yield environment is described by the equation 
Y = 92.9 + 2.94 - 1.87 X2, where and X2 represent the linear 
and quadratic polynomial coefficients corresponding to a given level 
among the six densities. For the low-yield environment, the equation 
is Y = 69.8 + .09 Xi - 1.18 X2. From high- to low-yield environment, 
b^ has decreased from 2.94 to 0.09, lAile bq increased toward zero, 
resulting in a scanewhat flattened, nearly horizontal response curve. 
The interpretation is that type 1 hybrids were less responsive to in­
creases in plant density in low- than high-yield environments, and the 
optimum density was reached for those hybrids at a lower density level. 
The type 3 response curve in the high-yield environment is described by 
the equation Y = 93.6 + 1.75 X^ - 1.05 X2 and in the low-yield environment 
by Y = 68.8 - .94 Xi + .12 X2. Comparing the equations for type 3 in 
the high- and low-yield environments, both linear and quadratic re­
gression coefficients have opposite signs indicating a strikingly 
Figure 2. Predicted yield response of contrasting prolific and 
nonprolific hybrids as affected by six plant densities, 
from 20,000 to 70,000 plants/ha in environment 7, a 
high-yield-environment 
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Figure 3. Predicted yield response of type 1 and type 3 hybrid means 
as affected by six plant densities, from 20,000 to 70,000 
plants/ha, in two contrasting environments (environments 
3 and 6) 
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different response. The type 3 hybrids optimum density in this low-yield 
environment was the lowest density tested (20,000 plants/ha). Any 
increase in density was detrimental to yield. Comparison of type 1 and 
type 3 response to these contrasting environments lends no support to 
the hypothesis that prolificacy lends yield stability over changing 
environments. However, one should remenber that the low-yield envir­
onment represented here was caused, in part, by late planting which put 
the type 3 hybrids at a relative disadvantage due to their later 
maturity. Evidently variability in dates of planting was an environ­
mental factor for which these prolific hybrids were unable to compensate. 
Table 18 presents the regression coefficients for the hybrid 
type yields on densities (linear and quadratic) within each of the 
eight environments. Table 63 of the Appendix contains the same 
information for each individual hybrid. In general, the linear 
response of yield to increasing densities was larger in the more 
favorable environments. In the lowest yielding environment the 
linear coefficient of regression was negative. A notable exception 
is the comparison of type 3 means in environments 7 and 8. Environment 
7 (Ames, 1972) is the highest yielding environment of all eight 
environments in the series; yet, the type 3 hybrids within that 
environment exhibit a negative linear response to increasing den­
sities. The lower production of second ears in the higher densities 
in environment 7 compared to environment 8 (Ankeny, 1972) probably 
accounted for that negative linear response. The lodging problen 
Table 18. Linear and quadratic regression coefficients for hybrid 
type yields on densities within each of eight environments 
Environment Regression 
(yield) Coefficient Type 1 Type 2 
1 1.22* 
(92.5) -1.56»* - .30* 
2 .62** 1.58* 
(79.4) -1.56*" -1.54* 
3 bl 2.94'* 2.36* 
(87.3) -1.87** -1.08* 
4 1.65** 1.02* 
(82.5) ^q -1.98'» -1.17* 
5 bi 1.18** .40* 
(70.1) 
^q -1.39** - .63* 
6 .09** - .29* 
(64.6) ^q -1.18** - .20* 
7 2.20** 1.01* 
(95.0) 
^q -2.12** .10* 
8 bl 3,14** 1,32* 
(93.5) ^q -1.79** - .68* 
Mean bie 2.00** 1.08* 
(83.1) bqg -1.68** - .69* 
^SD between any two environment^ by typej b^ values = .05. 
^SD between the bi of two type means = .03. 
^LSD between the bq of any two environment^ by typej b^ values = .05. 
^LSD between the bq of two type means = .03. 
^LSD between the b^ of two types (mean over environments) = .05. 
fLSD between the b^ of two means (means over environments) = .03. 
9LSD between the bq of two types (means over environments) = .03. 
^LSD between the bq of two means (means over environments) = .02. 
•Significantly different from zero at the 5% level of probability. 
••Significantly different frcxn zero at the 1% level of probability. 
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Type 3 
- .48*" 
- .05 
.72"* 
-1.10** 
1.75** 
-1.05** 
1.11** 
-1.11** 
- .11"* 
- .69** 
- .94"* 
.12"* 
- .56"* 
- .12** 
1.18"* 
-1.22** 
Type 4 
1.15*" 
- .57*" 
2.24*" 
-1.42*" 
2.43*" 
-1.61** 
1.58** 
-1.51** 
1.22** 
-1.11*" 
.07* 
- .76*" 
2.56** 
-1.42** 
2.58*" 
-1.07"* 
Mean 
1.02**b 
- .62*"d 
1.79*" 
-1.40** 
2.37** 
-1.40** 
1.34** 
-1.44** 
.67** 
- .96** 
- .27** 
- .50** 
1.30** 
- .89** 
2.06** 
-1.19** 
.33** 
- .65** 
1.73** 
-1.18** 
1.28**f 
-1.05**h 
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was probably more acute in the type 3 hybrids (lodging data were not 
recorded in this experiment) because they are taller and have been 
dbserved in previous reports (Hallauer, 1967b) to be scmei'vhat 
susceptible to lodging. Because of the lodging at higher densities, the 
plants were unable to take advantage of the lower barrenness which 
is the advantage conferred upon them under high density by prolificacy. 
The type 3 hybrids may have had a similar problem with lodging in 
high yielding environment 1 (Ames, 1969), resulting again in the 
negative regression coefficient for densities (linear). 
In five of the eight environments, the highest mean yield for 
type 1 hybrids was realized in density 4 (50,000 plants/ha). In 
environments 4 (Table 58) and 8 (Table 62), both relatively high-
yielding environments, highest type 1 yields were obtained in 
density 5 (60,000 plants/ha). In the lowest- yielding environment 
(Table 60), highest type 1 yields were realized at density 2 (30,000 
plants/ha). One can conclude that, except under extreme stress, 
type 1 hybrids perform best at plant densities In the range of 
50,000 - 60,000 plants/ha. A similar conclusion results from 
analyzing the data for type 2 and type 4 hybrids with one exception. 
In environment 7 (Table 61), the highest yielding environment, type 
2 hybrids yielded best at density 6 (70,000 plants/ha). Their 
increased prolificacy may have decreased barrenness to achieve this 
result. Type 3 hybrids yielded best at density 1 in two environments, 
at density 2 in one environment, at density 4 in four environments, 
and at density 5 in one environment. This wide range of optimum densities 
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indicates that the relative variability of type 3 hybrids compared to type 
1 hybrids might make it more difficult to predict the best density for 
type 3 hybrids than for type 1 hybrids. On the other hand, the sacrifice 
in yield caused by an error in prediction of the best density for an 
environment should be less for type 3 hybrids because of their relative 
stability over densities. In the lov;est-yield-environment, environment 
6 (Table 60), the optimum density was even lower for type 3 hybrids than 
it was for type 1. And it is surprising to note that in the third highest-
yield-environment, environment 1 (Table 55), the optimum density for yield 
of type 3 hybrids was again density 1 (20,000 plants/ha). Under either un­
usually high- or low-yield-environments, unknown growth factors made 
it advantageous for type 3 hybrids to be grown in low densities. This 
may have been due to different kinds of stress, i.e., lodging in 
high-yield-environments or drought in low-yield-environments. The 
difference between maximum yield when the optimum density was low 
and the yield realized at a medium density was usually small. 
Therefore, even if an unusually high- or low-^deld-environment were 
anticipated, one would not recommend such a low planting rate because 
the potential gain is small and uncertain. 
When the maximum-yielding, hybrid-density combination was selected 
from each environment, as shown in Table 19, seven out of eight times 
one of the two hybrids, B37 x B57 or N28 x Mol7, was chosen from a 
high density. In no case was the maximum yield realized at a low 
density, although there were several instances where type 3 hybrids 
were competitive at low densities. For exarn.plo, in environment 8 
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Table 19. Highest yielding hybrid in each environment, the density 
at which it maximized yield, and the yield of grain in 
q/ha 
Environment Hybrid Density Yield (q/ha) 
1 B37 X B57 5 120.6 
2 B37 X B57 4 107.2 
3 (Q97-10 X Q98-10)-l-2-3-l-l 4 110.8 
4 N28 X Mol7 5 111.6 
5 B37 X B57 4 91.4 
6 N28 X B57 4 85.1 
7 N28 X Mol7 6 127.3 
8 N28 X Mol7 6 120.4 
(Table 62) the hybrid (Q97-10 x Q98-10)-1-2-4-1-1 yielded 120.0 q/ha 
at density 2, which is essentially equal to the 120.4 q/ha production of 
top-yielding N28 x Mol7 grown at density 6. Although the mean of type 3 
hybrids often exceeded the mean of type 1 hybrids at high densities, 
individual type 1 hybrids almost always excelled. This indicates that 
as a physiological trait prolificacy is advantageous at high plant den­
sities, but apparently has not yet been introduced into the right 
genetic background necessary to realize top yields consistently at 
high plant densities. 
The lower optijTrjm densities for type 3 hybrids were possible 
because of their ability to produce tv;o or more ears per plant, 
which more than canpensated for the decreased number of plants. 
The mean number of harvestable ears per hundred plants for each of 
the four hybrid types in each of the six densities over all environments 
is presented in Table 20. The data in Table 20 indicate that pro­
lificacy in type 3 hybrids was advantageous in preventing barrenness 
at the higher plant densities. This would be of little significance 
Table 20 , Mean number of ears per 100 plants for four hybrid types grown In six plant densities 
Density 
Hybrid! Type 1 2 * 3 4 5 6 X 
1 123.2 104.2 100.6 99.6 95.6 90.9 102.4 
2 201.4 144.8 114.5 104.7 99.3 95.0 126.6 
3 233.7 176.0 140.2 126.3 113.7 104.9 149.1 
4 159.6 119.6 104.2 102.3 96.5 93.3 112.6 
X 179.5 136.2 114.9 108.2 101.3 96.0 122.7 
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if the density at vdiich this advantage became effective was above the 
optimum density for the hybrids tinder consideration. To compare the 
density at vAiich barrenness became a problen with the optimum 
density for a given hybrid or hybrid type, one may refer to the data 
in Table 64-71 of the Appendix which contain data on ears per 100 
plants for the hybrids grown in each density-environment combination. 
In environment 7 (Table 70), the highest yielding environment over 
all hybrids, elite, nonprolific hybrids had fewer than 100 ears per 
100 plants at the optimum density for that environment. In envir­
onment 8 (Table 71), where the optimum density appeared to be between 
density 4 and 5, the number of ears per 100 nonprolific plants was 
close to 100 in that same range. In both of those environments the 
average number of ears per 100 plants averaged over Eill types was 
still well above 100 at the optimum density, caused primarily by the 
ability of type 3 plants to produce more than one ear per plant at 
those populations where elite, nonprolific hybrids had some barrenness. 
The optimum density for type 3 h^rids occurred at a lower density 
vAiere the number of ears produced per 100 plants was even higher. 
This indicates that in type 3 hybrids there is a detrimental effect 
of small second ears; that is, if second ears are to be of maximum 
benefit, the h^rids must be grown at a density v^iich allows full 
development of the second ears. If second ears are initiated but 
not filled, then energy has been wasted in cob and husk developnent 
because little grain development followed. This disadvantage of small 
second ears may be small, however, compared to the advantage of 
yield conpensation over variable densities-
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Table 21. Analysis of variance modified for stability analysis of 
28 maize hybrids, four hybrid types with seven hybrids 
per type, averaged over six densities in eight environments 
Source D.P. M.S. P 
Hybrids 27 
Types 3 
H(T) 24 
Environments 7 
H X N 189 196 
Environments (linear) 1 
H X 27 
T X % 3 
K(T) X NJ 24 
H(Ti) X 
HCTp) X Ni 
HCTg) X Ni 
HCT^) X N3_ 
Pooled M.S.D.® 168 
H(T%) 
HCTg) 
H(T3) 
H(T4) 
Pooled error^ 213 
452.21 26.66** 
2051.34 120.95** 
252.32 14.88** 
24651.44 
61.94 3.65** 
62.99 3.99* 
61.81 3.64** 
6 36.71 2.16* 
6 21.26 1.25 
6 94.95 5.60** 
6 94.31 5.56** 
16.96 6.52** 
42 21.23 8.17** 
42 20.39 7.84** 
42 12.75 4.90** 
42 13.48 5.17** 
2.60 
^M.S.D.'s for individual hybrids are listed in Table 80. 
Oovariance analyses and missing hybrid, therefore D.P. = 213. 
•Statistically significant at the 5% level of probability. 
••Statistically significant at the 1% level of probability. 
Eberhart and Russell (1966) demonstrated a useful way to ccxn-
partmentalise and quantify the hybrid by environments interaction 
into two parameters, 1) the mean square due to regression of yield on the 
environmental index, and 2) the mean squared deviation (M.S.D.) from that 
regression. The modified analysis of variance for the stability 
analysis of the 28 hybrids grown in eight environments in Experiments 
31 and 32 is shown in Table 21. Corresponding tables showing the 
analysis of variance for environmental stability of the hybrids in 
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each of the six densities and for an analysis over 48 density-location 
environments are contained in Table 72 and Table 73 of the Appendix. 
Oîie 48 environments were obtained by considering each density-location 
combination as a separate environment. Table 21 shows that, as an 
average over all densities, the hybrid types differ in their response 
to environments. Hybrids within each type, except type 2, also differ 
in that response. M.S.D.'s for all hybrid type means were significantly 
different frcan zero. 
Significant differences among types, regarding their linear 
response to environments, occurred only in densities 1, 2, and 3, 
the mean over densities, and the 48 environment analysis (Tables 72, 
21, and 73). At densities 4, 5, and 6 (Table 72), no difference 
between the types*response to environments (linear) could be 
established. In the analysis at each individual density, hybrids 
within type 2 did not differ in their response to environments. 
Hybrids within type 1 did not differ for environmental response in 
densities 3, 4, 5, and 6, but they did differ at the two lowest 
densities. Hybrids within type 3 differed for environmentcii response 
in all densities except density 1. 
Table 22 lists the stability parameters for the hybrid types 
along with the type mean yields. Separate estimates are listed for 
the h^rids in each of the six plant densities, for the mean of the 
densities, and for the 48 environment analysis. Tables 74 through. ' 
81 of the Appendix contain the same information for individual hybj^ids. 
At densities 4, 5, and 6 (Table 22), none of the linear regression 
coefficients (b^) for hybrid types was significantly different from 
Table 22. Stability parameters for foiur hybrid types in each density and over all densities 
in eight environments and coirresponding parameters calculated on the basis of 48 
density-location environments 
Densities 
1 2 3 4 
Type b X M.S.D. b 3c M.S.D. b X M.S.D. b X M.S.D. 
1 ,57* 66.7 28** .80 84.3 35** 1.03 91.7 32** .97 94.6 70** 
2 1.13 67.7 51** 1.05 73.4 48** .87 77.9 20* .96 80.7 28** 
3 1.37* 84.8 40** 1.34* 89.7 39** 1.15* 90.8 30** 1.10 93.6 31** 
4 .94 65.5 43** .81 76.0 20** .94 83.0 21* .97 87.2 30** 
Densities 48 location-density 
5 6 Mean environments 
Type b % M.S.D. b X M.S.D. b % M.S.D. b X M.S.D. 
1 1.00 92.2 56** 1.01 89.3 93** .92* 86.5 21** 1.08* 86.5 69** 
2 .94 79.9 35** .99 78.3 46** .98 76.3 20** .93* 76.3 42** 
3 1.06 91.3 37** 1.03 87.9 54** 1.15* 89.7 13** .98 89.7 62** 
4 1.01 85.5 31** .97 83.1 51** .95 80.0 13** 1.02 80.0 42** 
*Significantly different from 1.0 (bj) or from 0.0 (M.S.D.) at the .05 level of probability. 
* ^Statistically significant from 1.0 (b^) or from 0.0 (M.S.D.) at the .01 level of probability. 
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1.0. At the three lower densities, the for type 3 hybrids were 
significantly greater than 1.0, and at density 1 the for type 1 
hybrids was significantly less than 1.0. Among the b^ for hybrid 
types averaged over all densities, type 3 has the highest value, 
type 2 second, type 4 third, and type 1 lowest. This order is also 
the descending order of inherent prolificacy, thus one might infer 
that increasing prolificacy tends to increase the slope of the envir­
onments (linear) response curve. As densities increased, the M.S.D. for 
type 1 increased more than that for type 3, which remained relatively 
low until density 5, indicating that prolificacy favorably affects this 
aspect of yield stability. The M.S.D. for type 2 hybrids followed a 
similar pattern across densities as that for type 3 hybrids, except 
that at densities 1 end 2 type 2 M.S.D.'s were relatively high. 
Considering the three stability parameters, the best type-density 
combination is type 3 in density 4 (50.000 plants/ha) v^ere b^ = lalO, 
X = 93.6, and M.S.D. = 31. Type 1 hybrids, as a group, appear to 
have a narrow density range around density 3 (40,000 plants/ha) at 
which they compare favorably to type 3 hybrids in all aspects of 
environmental stability. Above or below density 3 unknown factors 
affect the yield response of type 1 hybrids to improved environments 
more than they do type 3 hybrid yields. Within each density, type 3 
has a higher b^ than type 1, but the difference is most pronounced at 
the low densities and becomes nonsignificant at the three highest 
densities (Table 12). Th? average yield potential varied from 
64.6 to 95.0 q/ha in the eight environnentL and the type 3 hybrids 
adjusted to this pcbenzial at the lower densities because of their 
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flexibility in number of ears per plant. Type 1 hybrids had less flexi­
bility in altering the number of ears per plant, so were less able to 
respond to the better environments in low densities. The fact that 
prolific hybrids did not go barren in high densities to the degree that 
ponprolifiq hybrids did appeared to be important in all environments, and 
thus had little effect on linear response to environments. 
When the densities effect is included as an environmental factor, 
the bi for type 3 (b^ = C.98) is less than the corresponding b^ for 
type 1 (bi = 1.08). It should be recognized that low densities are, 
in general, low yielding environments when nonprolific hybrids comprise 
a significant proportion of the hybrids used to determine the environ­
mental index because the nonprolific types reduce the mean yield in those 
densities. Therefore, the highest yields of nonprolific hybrids are 
likely to have occurred in the upper range of environments and some very 
{Low yields are likely to have occurred at the low environments v^en each 
density-location is considered an environment. This forces the b^ for 
type 1 hybrids above 1.0, On the other hand, prolific hybrids are not 
limited physiologically at low densities and, therefore, their response 
is likely to be lower than the average for all types. It is for this 
reason that b^ for type 1 hybrids becomes significantly greater than 
1.0 and bj for type 3 less than 1.0 only in the analysis over 48 density-
location environments. 
Prolificacy promotes stability of yield across densities, but 
provides a lesser advantage over nonprolific hybrids with respect to 
stability over a range of other environmental factors which are 
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responsible for the variation among the eight environments tested in this 
series of experiments, particularly for variations in date of planting. 
The type 3 hybrids were able to take more advantage of better environments 
jLn low plant densities than were the nonprolific type 1 hybrids, and at 
Ipie higher plant densities the deviation mean squares for type 3 hybrids 
are less than those for type 1 hybrids. Eîven as yield is stabilized 
across densities by prolificacy, the uniformity of stability parameters 
measured in different densities is also enhanced. However, environmental 
stability does not appear tightly associated with prolificacy. 
The b^ values for type means estimated at low densities may be 
primarily a reflection of degree of prolificacy. Table 23 relates the 
bi value to prolificacy at density 1 and density 6. Among types and 
also within types 1, 2, and 4 at density 1, the larger b^ value also has 
the greater number of ears per 100 plants, but v/ithln type 3 the reverse 
situation was observed. Cna ~.ay conclude that for type 3 hybrids in 
density 1, number of ears per plant is no longer a physiological barrier 
to yield and, therefore, stability Is based on other unknovm limiting 
yield factors. Thus, a stability analysis of hybrids at such a low 
density may be useful only for evaluating differences among highly 
prolific hybrids. At density 6 there is no significant difference 
between, and significant variation ivlthln, hybrid types regarding their 
response to environments (linear) parameters. Therefore, no specific 
degree of prolificacy at density 6 can be shovm to contribute yield 
stability over environments as measured by bj. 
Since the stability parameters are not constant across densitiest 
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Table 23, Emrironinents (linear) regression coefficients and ears/100 
plants for contrasting h^rids within each type at densities 
1 and 6 
Density 1 Density 6 
Type Hybrid^ bl ears/100 
plants 
bl ears/100 
plants 
1 1 .11 105 .96 90 
1 2 .89 137 1.26 92 I Mean .57 123 1.01 91 
2 11 •83 206 1.09 98 
2 14 1.51 215 1.14 94 2 Mean 1.13 201 .99 95 
3 15 .96 276 .68 136 
3 21 2.00 240 1.18 99 
? Mean 1.37 234 1.03 105 
4 24 .31 137 .97 97 
4 28 1.58 184 1.72 93 
4 Mean .94 160 .97 93 
•Iff ' • " • • • ' 
hybrids were chosen based on their contrasting b^ at density 1. 
one cannot assign a constant value as a stability parameter to any 
liybrid or group of hybrids vdthout defining the density at which the 
parameter is apprc^riate. V.'hen estimating the optimum density at which 
a hybrid should be grown it might be well to adjust that density 
obtain increased stability of yield over environments, even if such 
an adjustment decreased potential yield slightly compared to the 
optimum density for potential yield. /ui example is hybrid 4 in 
densities 4 and 5, yielding 91.9 and 91.4 q/ha respectively. The 
yield in those tv/o densities not being significantly different, the 
qhoice of optiir.um density should be based on the comparison of 
stability parameters (Tables 74 through 81). In density 4 (Table 77), 
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= 1.17 and M.S.D. = 86, while in density 5 (Table 78), b^ ? ,97 
and M.S.D. = 49. These parameters show that hybrid 4 is more stable 
in density 5 than in density 4. 
Since environmental stability among hybrids differing in 
prolificacy is biased at low densities, 1 have selected density 4 
for illustration of some hybrid responses. At this density there 
is no significant difference among hybrid types in their response 
to environments. However, as illustrated in Figure 4, there is a 
wide range of responses among individual hybrids. Those chosen for 
illustration in Figure 4 were the top-yielding hybrids from each 
type. Among the selected h^rids, B37 x B57 is the best hybrid 
both from the standpoint of mean yield and regression coefficient. 
However, its mean squared deviation is the highest of the four, 
^jidicating that a large deviation should be expected of the actual 
yield from that expected cn the basis of this regression. Q97 x QSS 
is equal in mean yield to B37 x B57 and is more stable, based on mean 
squared deviation, but its performance at low-yielding environments 
is poor. B67 X R71 is relatively stable, based on both regression 
parameters, but is a relatively low-yielding hybrid. 
Comparing B37 x B57 with its related single cross B37 x B67, 
the replacement of B57 in the cross by the more prolific B67 gave 
B37 X B67 an advantage at low-yield environments, but lost 
yield potential at high-yield environments, resulting in a lower 
linear coefficient, 837 x B57 also had a reduced mean squared 
deviation. The ideal replacement would have been one which increased 
F:j.gure 4. The linear regression of hybrid grain yield on the 
environmental index in density 4. The hybrids 
selected for illustration were the top yielding 
individual hybrids from each hybrid type at density 
4. averaged across environments 
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yield performance over all environments, and still reduced mean 
squared deviation* 
While it has been established that no significant differences 
occurred among type means in regard to the environments (linear) 
regression at daisity 4, it diould be stressed that significant variation 
occurred within each type so that s^ection should be effective in 
isolating more stable hybrids from any of the types tested. Figure 
5 illustrates the variability among type 3 h^rids, two of which are 
sister hybrids from Dr. Hallauer's reciprocal full-sib selection 
program. It is evident (Figure 5 and Tables 79-86) that there are real 
differences among these and other sister hybrids from that program re­
garding environmental stability, i.e., there are truly seven different 
hybrids even though only three families sre represented in type 3. 
The herltability estimates shown in Table 24 were calculated 
using mean squares from the components of variance analysis. 
Keritability of yield over ail densities was low among type 1 and 
type 3 hybrids compared to heritability among type 2 and type 4 
hybrids. Type 1 and type 3 hybrids are highly selected for uniformly 
high yields, so it is not surprising that relatively little genetic 
variation for yield potential was found. Type 2 hybrids are selected 
o|X the basis of less breeding and testing and type 4 hybrids had not 
been tested. One would expect more genetic variation and, therefore, 
higher heritability for yield among hybrids within types 2 and 4 
than among hybrids within types 1 and 3. 
Figure 5. %e linear regression of hybrid grain yield cn the 
environmental index in density 4. The hybrids 
illustrated were type 3 hybrids selected for their 
differential linear response to environments 
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Table 24, Heritability of yield for h^rid types estimated in 
six plant densities 
Hybrid Type 
Plant Densities over all 
densities 1 2 3 4 5 6 
Type 1 .29 .28 .34 .04 .31 .11 .07 
Type 2 .69 .47 .72 .67 .70 .70 .58 
Type 3 .44 .23 .16 .09 .07 .32 .13 
Type 4 .27 .48 .62 .52 .57 .37 .42 
Mean .49 .38 .51 .38 .49 .34 .49 
The density vAiich gave the highest average yield for a type may not 
be the best density to use for detecting differences in yield potential 
among hybrids within a type. Heritability was highest at density 3 for 
types 1, 2, and 4, but for type 3 the heritability was highest at 
density 1. For types 1 and 4 heritability tended to remain relatively 
low at densities 1 and 2, increase at density 3, then taper off above 
density 3^ At density 4. heritability of type 1 hybrids was unexplainably 
low, much lower than at densities 3 and 5. For types 2 and 3, heritabil­
ity was relatively high at density 1, then tended to decline as density 
increased. Heritability of yield in type 2 remained consistently high 
across densities while for type 3 hybrids it decreased with each increasing 
density up through density 5, then, at density 6, abruptly increased. 
The fact that heritability in prolific hybrids was best expressed at the 
lowest density indicates that in those hybrids at low densities, 
yield potential and prolificacy are closely related. Perhaps 
one would benefit by performing selection among prolific hybrids at 
either low or high densities as canpared to the intermediate range 
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tested in this series of experiments* This is in contrast to the 
conclusion «Mch would be drawn from observing the estimates of 
heritability calculated over all hybrids, where there appears to be 
little difference in heritability among the different densities. 
Wie leaf area indices (LAI's) of type 1 and type 3 hybrids 
were determined in environment 8» The analysis of variance (Table 25) 
shows that significant differences in LAI occurred among hybrids, 
but that there were no significant h^rid by density interactions. 
Table 26 contains the analyses of variance for each density. 
Differences among h^rids were significant in each density. The 
effect of density itself could not be tested accurately due to the 
experimental design, but the magnitude of the mean square for 
densities left little doubt of its true significance. The variation 
Table 25, Combined analysis of variance of LAI for 14 maize 
hybrids, two hybrid types each with seven hybrids, 
grown at six densities 
Source D.F. Î4.S. F 
Densities 5 5126.96 
Replication/Densities 12 15.33 
Hybrids 13 21.91 2.42** 
H^rids X Densities 65 9.61 i.oe^s 
Pooled error 156 9.03 
0* 
Difference is significant at the 1% level. 
N%ifference is not statistically significant at the 5% level. 
Table 26. Analysis of variance for leaf area index (LAI) at each density In Experiment 32 
(Ankeny, 1972) 
Density 3 Density 2 Density 3 
Source d.f. S.S. M.S. S.S. M.S. S.S. M.S. 
Replications 2 6.05 3.03 6.77 3.39 56.02 28.01 
Hybrids 13 246,68 18.97** 453.53 34.89** 676.61 52.05* 
Error 26 26.68 1.03 45.93 1.77 481.85 18.53 
Density 4 Density 5 Density 6 
Source d#f. S.S. M.S. S.S. M.S. S.S. M.S. 
Replications 2 37.33 18.66 55.54 27.77 22.25 11.13 
Hybrids 13 976.96 75.15'* 637.99 49.08** 480.80 36.98** 
Error 26 161.63 6.22 412.56 15.87 280.76 10.80 
Difference among hybrids is significant at the 5% probability level. 
* * 
Difference among hybrids is significant at the 1% probability level. 
86 
in magnitude of error M.S. values was probably caused by poor stands 
in some rows vAich the cultivator damaged. Since LAI was computed based 
on actual stand, this resulted in Replication by Hybrid interaction, 
thereby increasing the error M.S. 
The LAI values for each hybrid type, shown in Table 27, display 
a linear trend with increasing density, described by the linear re­
gression coefficient for LAI on density. LAI's of the two types 
increased at essentially the same constant rate across densities. 
Table 27, Leaf area index of type 1 and type 3 hybrids grown in 
six plant densities at Ariceny, 1972 
Plant densities 
Hybrid type 1 2 3 4 5 6 Mean bl 
Type 1 1.5 2.3 2.8 3.4 4.0 4.4 3.1 .29 
Type 3 1.9 2.8 3.3 4.1 4.6 4.9 3.6 
o
 
m
 • 
Obviously, LAI was not the source of relative yield stability for type 3 
hybrids across densities. The higher LAI of type 3 hybrids was probably 
caused by a larger number of leaves produced per plant compared to 
type 1 hybrids (Table 4), and may be the reason that the optimum density 
for type 3 hybrids was less than that for type 1 hybrids. At any given 
density the type 3 hybrids had a higher LAI than type 1 hybrids. If 
both types have the same optimum LAI, type 3 will reach that LAI at a 
lower plant density than type 1. This was the situation in environment 8 
(Ankeny, 1972), which was a high-yield-environment (Figure 5). In a 
lower-yield-environment the optimum LAI for type 1 hybrid probably 
would have been lower than for type 3 hybrids. 
Figure 6. Yield response of type and type 3 hybrid means as affected 
increasing LAI's vrfiich resulted fran growth at densities 
ranging from 20,000 to 70,000 plants/ha (points on the 
graph represent performance at each of six densities and 
the line is an approximation of the continuous response) 
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Since one of the proposed advantages of prolificacy is to reduce 
barrenness at high plant densities and thereby allow production to 
be maximized at higher LAI's, it was surprising to have found t^at 
the optimum LAI for type 3 hybrids was often below that for type 1 
hybrids. The greater LAI of type 3 hybrids may have contributed to 
that lower optimum density for these hybrids. If so, it seems 
probable that to develop prolific hybrids for commercial use in 
high plant densities, LAI will have to be decreased to a level 
equal to or less than current elite, nonprolific hybrids adapted 
to high plant densities. Otherwise, there may be no advantage 
for grain production in utilizing populations above 50,000 plants/ha. 
A combination of low LAI and prolificacy should combine to produce 
the maximum number of ears per unit area of land. 
The question remains, will increasing LAI result in maximum 
econcxnic grain yield providing barrenness can be prevented? Data 
fron indi\'idual hybrids tested in this series of experiments give 
reason to question the philosophy that increasing LAI is the answer 
to maximizing grain production. In Table 28, the grain yield, LAI, 
and number of ears per 100 plants are shown for the highest yielding 
type i and type 3 hybrids in environment 8. Assuming that grain 
yield is expected to be maximized in the density lAich produces the 
highest LAI without experiencing barren plants, then both h^rids 
should have produced their highest yield in density 6. N28 x Mol7 
performed as expected based on the preceding assumption. However, 
(Q97-10 X Q98-10)-l-2-4-l-l perfonricd contrary to that expectation, 
producing its faxr-r.um yield at an LAI of 2.9, far less than the LAI 
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Table 28. Grain yield, LAI, and number of ears per 100 plants for 
h^rids N28 x Mol7 (2) and CQ97-10 x Q98-10>-1-2-4-1-1 
(20) grown in six plant densities at Ankeny, 1972 
Hybrid No. Density Yield (q/ha) LAI Ears/100 plants 
2 1 66 1.6 159 
2 2 77 2.4 111 
2 3 102 2.7 106 
2 4 107 3.5 99 
2 5 110 4.0 103 
2 6 120 4.5 100 
20 1 107 2.1 240 
20 2 120 2.9 205 
20 3 118 3.9 160 
20 4 118 4.5 131 
20 5 112 5.0 112 
20 6 107 4.7 106 
at vAich barrenness would occur. Other prolific hybrids performed 
similarly (see Table 71, hybrid {Q97-10 x Q98-10)-1-2-3-1-1). Ob­
viously, increasing LAI (within a range low enough to prevent 
barrenness) is not the sole criterion for maximizing yield, esp-ecially 
in certain prolific hybrids. 
The effective L/J! of most com h^rids from silking to physiolog­
ical maturity may be only the top six or seven leaves. Lower leaves 
may be of little value in contributing to grain yield. If such is 
the case, then higher LAI's which completely shade out lower leaves 
and distribute light among the upper canopy may be advantageous. 
However, other hybrids may have an effective LAI which includes more 
of the leaves below the ear. If such is the case, then an LAI which 
allows distribution of light throughout a deeper layer of the canopy 
would be advantageous. Differences in effective LAI may be the cause 
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of the different responses seen in Table 28. Tsotsis (1972) reported 
that prolific hybrids vSiich retain their prolificacy in normal popula­
tions have effective translocation from upper leaves to the second 
ear, whereas, hybrids which are prolific only at low populations 
depend largely on lower leaves for filling the second ear. 
Assuming that differences in effective LAI exist, it seems de­
sirable to maximize effective L^Œ. in order to achieve maximum effective 
net assimilation rate. If this net assimilation rate is appreciably 
higher than that commonly occurring in current nonprolific hybrids, 
then one might imagine that a bottle-neck for translocation of photo-
synthate exists. Prolificacy would effectively remove such a 
bottle-neck. 
Plant and ear height measurements were recorded for the 28 
hybrids in environment 8 (Ankeny, 1972). The analysis of variance 
table, Table 29, shows highly significant differences among hybrids 
and among hybrid types over all densities, /dthough the significance of 
the densities effect could not be tested accurately due to experi­
mental design, it appears obvious by the magnitude of the densities 
mean square that plant density did affect plant height and ear 
height. The hybrids by densities interaction, tested in the combined 
densities analysis, v.-as significant for plant height, but not for 
ear height. The significance was concentrated in the within types 
by densities interaction, the types by densities interaction being 
nonsignificant. 
The data summarized in Table 30 indicate that the type 3 
hybrids v/ere taller and had higher ears than the other types, their 
Table 29. Analyses of variance for plant height and ear height of 28 hybrids, four hybrid 
types with seven hybrids per type, grown at six densities (Ankeny, 1972) 
Plant height Eeur height 
Source D.P. M.S. P M.S. P 
Densities 5 7598, .61 6652. 08 
Replications/Densities ; 12 49. 11 9, 27 
Hybrids 27 6236. 11 284. 62** 7221. 94 292. 62** 
Types 3 35610. 21 1625. 29»* 49282. 59 1997. 27** 
H(T) 24 2564. 34 117. 04** 1963. 11 79, .54** 
H X D 135 31, ,59 1. 44* 25. 47 1. 03 
T X D 15 39. 27 1. 79 22. 28 .90 
H(T) X D 120 30.63 1. 40* 25. ,86 1. ,05 
Error 324 21. ,91 24. ,68 
Statistically significant at the 5% level of probability. 
Statistically significant at the 1% level of probability. 
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Table 30. Plant and ear height for four hybrid types grown In six 
plant densities at Ahkeny, 1972 
Plant height (cm) 
Density 
Hybrid type 1 2 3 4 5 6 % 
1 216 226 232 237 243 240 232 
2 223 233 241 243 247 245 239 
3 249 262 267 267 273 271 265 
4 208 221 228 228 237 235 226 
X 224 236 242 244 250 248 241 
Ear height (cm) 
Density 
H^rid type 1 2 3 4 5 6 x 
1 93 102 107 112 116 115 108 
2 116 123 150 133 136 136 129 
3 134 145 151 154 160 158 150 
4 
y 96 105 111 112 119 120 110 
X 110 119 125 128 133 132 124 
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tallness probably being the result of a higher node number (Table 4). 
Type 2 hybrids, vfliich rank second in prolificacy, rank second in 
plant and ear height. Although some of the variation among the 
density means may have been caused by the position of densities in 
the expeiriment, it appeared that plant height and ear height both 
increased with densities up to density 5 (60,000 plants/ha), then 
decreased to density 6 (70,000 plants/ha). This observation is in 
agreement with data from a study by V/illiam et al. (1965a) in which 
height was shown to increase with densities up to 53,400 plants/ha 
but to decline at the next higher density tested, 107,700 plants/ha. 
Apparently a point was reached where the negative effect of compe­
tition for water, light and minerals overcame the positive effect 
of decreasing light on stem elongation. Data on plant and ear 
height for the individual hybrids are contained in Tables 82 and 83 
of the Appendix. 
The date at which 50% of the plants had reached silk emergence 
was recorded for each plot in environment 7 (Agronomy Farm, 1972). 
These data, expressed as days after July 1, are given in Table 31. 
Because of the field design used, some of the variation among the 
means for each density may have been caused by the position of a 
density in the experiment. Usually, an increase in stand density 
causes some delay in silk emergence relative to the lower density 
populations, (El-Lakany, 1970, Baracco, 1961, Kahnke and Miles, 
1951, Rossman and Cook, 1966, and Vtoolley et al, 1962), but this 
was not evident in this experiment until densities 5 and 6, when 
the delays were 0.8 days for densities 4 to 5 and 0.9 days for 
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Table 31. Days to 50% silk^ for 27 hybrids grown in six plant 
, densities at Ames, 1972 
Densities 
Hybrid 1 2 
19.7 20.7 
21.7 22.0 
18.0 18.0 
19.0 18.7 
20.3 20.7 
21.7 21.7 
23.3 22.0 
20.5 20.5 
20.0 20.0 
^^0 
4 5 6 
21.7 22.3 23.7 
21.3 21.7 22.0 
20,0 20.0 21.7 
20.0 21.0 22.3 
21.7 23.0 23.0 
22.7 24.3 26.7 
21.7 22.7 23.0 
21.3 22.1 23.2 
20.0 20.0 20.3 
22.0 21.7 22.3 
21.0 21.3 21.7 
23.7 24.0 24.3 
23.7 24.3 26.0 
21.7 22.3 23.3 
21.3 22.7 22.3 
21.9 22.3 22.9 
B37 
N28 
B54 
B37 
33 7 
337 
B45 X N2S 
Mean 
X Mol 7 
X Mol 7 
X Mol 7 
X 354 
X B45 
X 557 
359 X 
B59 X 
367 X 
367 X 
367 X 
R71 X 
R71 X 
Mean 
R71 
HD2158 
R71 
ITE701 
HD2158 
ITE701 
HD2158 
(Q66—7 X Q67—9)—4—4 
(Q66-7 X Q57-9)-4-6 
VQ<£X-J. X 
(Q21-1 X Q22-2)-3-l-2-
(Q97-10 X Q99-10)-l-2-3?M 
(Q97-10 X Q98-10)-1-2-4-1-^ 
(Q97-10 X Q98-•10 )—1—4—1—1—1 23.U 22.3 
Mean 23.9 23.0 
337 X B71 20.0 20.0 
337 X HD2158 22.0 21.7 
B37 X B67 22.0 21.0 
Mol7 X ITE701 20.3 20.3 
Mol7 X B57 21.3 20.7 
N2S X KD2158 22.3 22.0 
Mean 21.3 21.0 
Exp. mean 22.1 21.7 
21.3 
22.0 
19.7 
20.3 
22.3 
23.3 
24.0 
21.8 
22.0 
m.i 23.0 23.7 25.3 
m.3 23.7 24.3 26.7 
22 = 7 24,0 25.0 
21.7 24.3 25.7 27.0 
23.3 23.0 23.3 24.7 
25.3 23.7 25.0 25.3 
23.3 22.3 23.7 23.7 
23.6 23.2 24.2 25.4 
20.7 20.7 21.3 24.0 
22.3 21.3 23.0 23.3 
22,0 22,0 22.3 23.3 
21.0 21.0 22.0 22.3 
22.3 20.7 22.0 23.0 
23.3 22.3 23.0 23.7 
21.9 21.3 22.3 23.3 
22.4 22.0 22.8 23.7 
Measured from July 1. 
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densities 5 to 6« niis delay in silk emergence was greater 
in some h^rids than others and probably was an important factor 
for the variation among hybrids for barrenness at rate 6, althoo^ 
data on date of 50% pollen shed were not obtained. For exemple, B54 x 
Mol7, 837 X B54, and B37 x B57 had considerable delay in silk emapgemce, 
up to 5 days delay from density 1 to density 6, and this was probably 
the reason for those hybrids having lower ear counts per 100 plants 
at rate 6 than recorded for most other h^rids. The delay for type 3 
hybrids was greater from density 4 to 5 than for the o&er hybrid 
types, probably because the LAI of those hybrids was higher than 
the LAI of other hybrid types. Although the type 3 h^rids did not 
become barren as a group at density 6 (Table 65) due to tiieir 
superior prolificacy, some type 3 hybrids ((Q21-1 x Q22-2)-2-1-2-1-1) 
did experience barrenness caused in part by delayed silk emergence. 
Other type 3 hybrids experienced delayed silk emergence, but âiowed 
no barrenness ((C66-7 x Q67-9)-4-6-2-1). Still others showed 
essentially no delay in silk emergence across densities {(Q97-10 x 
098-10-1-4-1-1-1). Regarding the goal of preventing baunrenness at 
high plant densities, it appears that the relatively high LAI of 
type 3 hybrids soîûetlïïiês partially counteracts the effect of 
increased prolificacy. As stated before it seems desirable to 
reduce the LAI of prolific hybrids to adapt them to maximum production 
at high plant densities. While type 2 hybrids did not have the yield 
potential of type 3 h^rids, they were the least delayed in silk 
emergence of any hybrid type, reflecting a good combination of 
lower LAI and prolificacy. Date of silk emergence for second 
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Table 31. Days to 50% silk^ for 27 hybrids grown in six plant 
. densities at Ames, 1972 
Densities 
Hybrid 1 2 3 4 5 6 
B37 X Mol7 19.7 20.7 21.3 21.7 22.3 23.7 
N28 X Mol7 21.7 22.0 22.0 21.3 21.7 22.0 
B54 X Mol7 18.0 18.0 19.7 20,0 20.0 21.7 
337 X B54 19.0 18.7 20.3 20.0 21.0 22.3 
B37 X B45 20.3 20.7 22.3 21.7 23.0 23.0 
337 X B57 21.7 21.7 23.3 22.7 24.3 25.7 
B45 X N28 23.3 22.0 24.0 21.7 22.7 23.0 
Mean 20.5 20.5 21.8 21.3 22.1 23.2 
B59 X R71 20.0 20.0 19.7 20.0 20.0 20.3 
B59 X HD2158 22.0 22.0 22.0 22.0 21.7 22.3 
B67 X R71 22.0 21.7 22.0 21.0 21.3 21.7 
B67 X ITE701 23.3 23.3 23.3 23.7 24.0 24.3 
B67 X HD2158 24.3 23.7 24.7 23.7 24.3 26.0 
R71 X ITE701 23.0 22.0 22.0 21.7 22.3 23.3 
R71 X HD2158 22.7 21.7 22.3 21.3 22.7 22.3 
Mean 22.5 22.1 22.3 21.9 22.3 22.9 
(066-7 X Q67-9)-4--4-2--2 24.0 23.7 23.7 23.0 23.7 25.3 
(Q66-7 X Q67-9)-4~6-2--1 23.0 23.0 24.3 23.7 24.3 26.7 
-2- -1 23.0 22.0 23.7 22.7 24.0 25.0 
(Q21-1 X Q22-2)-3-l--2--1. -1 24.7 24.0 21.7 24.3 25.7 27.0 
(Q97-10 X Q9S-10)-1. -2. -a--1-1 23.7 22.3 23.3 23.0 23.3 24.7 
(Q97-10 X Q98-10). -1--2--4. -1-1 26.0 24.0 25.3 23.7 25.0 25.3 
(Q97-10 X Q98-10) -1' >4. -I--1-1 23.0 22.3 23.3 22.3 23.7 23.7 
Mean 23.9 23.0 23.6 23.2 24.2 25.4 
B37 X B7i 20.0 20.0 20.7 20.7 21.3 24.0 
B37 X HD2158 22.0 21.7 22.3 21.3 23.0 23.3 
337 X BG 7 22.0 21.0 22.0 22.0 22.3 23.3 
Mol7 X ITE701 20.3 20.3 21.0 21.0 22.0 22.3 
Mol7 X B67 21.3 20.7 22.3 20.7 22.0 23.0 
N28 X HD2158 22.3 22.0 23.3 22.3 23.0 23.7 
Mean 21.3 21.0 21.9 21.3 22.3 23.3 
Exp. mean 22.1 21.7 22.4 22.0 22.8 23.7 
Measured from July 1. 
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densities 5 to 6* This delay in silk emergence was greater 
in some hybrids than others and probably was an important factor 
for the variation among hybrids for barrenness at rate 6, altiiou^ 
data on date of 50% pollen shed were not obtained. For exan^le, B54 x 
Mol7, B37 X B54, and B37 x B57 had considerable delay in silk emergence, 
up to 5 days delay from density 1 to density 6, and this was probably 
the reason for those hybrids having lower ear counts per 100 plants 
at rate 6 than recorded for most other h-^rids. %e delay for type 3 
hybrids was greater from density 4 to 6 than for the other hybrid 
types f probably because the LAI of those h^rids was higher than 
the LAI of other hybrid types. Although the type 3 h^rids did not 
become barren as a group at density 6 (Table 65) due to their 
superior prolificacy, some type 3 hybrids ((021-1 x Q22-2)-2-1-2-1-1) 
did experience barrenness caused in part by delayed silk emergence# 
Other type 3 hybrids experienced delayed silk energence- but i^owed 
no barrenness ((C.66-7 x Q67-9)-4-6-2-1). Still others showed 
essentially no delay in silk emergence across densities ((Q97-10 x 
Q98-10)-1-4-1-1-1). Regarding the goal of preventing barrenness at 
high plant densities, it appears that the relatively high LAI of 
type 3 h^isrlds souietimes partially counteracts the effect of 
increased prolificacy. As stated before it seen s desirable to 
reduce the LAI of prolific hybrids to adapt them to maximum production 
at high plant densities* While type 2 hybrids did not have the yield 
potential of type 3 hybrids, they were the least delayed in silk 
emergence of any hybrid type, reflecting a good combination of 
lower LAI and prolificacy. Date of silk emergence for second 
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ears was not taken; consequently, we don't know to Wiat extent 
this may be a factor in the number of second ears produced. 
One of the potentials of prolific hybrids is the ability to 
develop two or more ears under nonstress conditions. Comparison 
of this potential among the 21 prolific and nonprolific h^rids 
(types 1, 2, and 3 from Experiments 31 and 32) was made in 
Experiment 101 by covering the top ear shoot or the second ear 
^oot in alternate plots and observing the development of the 
uncovered ear in comparison with an untreated control (neither 
ear covered). The analysis of variance is ^ own in Table 32 and 
the resulting yields are in Table 33. Hie yield of control plots 
is considered in total and also as two components, top-ear and 
second-ear yield. The treated plot yields (alternate ears covered) 
are presented, and transfer is calculated as the difference between 
yield of the control ear and its corresponding treated ear yield 
for a given plot. 
Covering the top ear caused an increase in second ear yield 
regardless of hybrid types. All hybrids produced at least one 
second ear per plot vtien the top ear was covered. The amount 
transferred is highest for the type 2 and type 3 hybrids. Aniong 
those hybrids the relative equality of first and second ears is 
seen in the yields of hybrids B59 x HD2158, (Q66-7 x Q67-9)-4-6-2-1, 
and (Q97-10 x Q98-10)-1-2-4-1-1, in lAich cases the second ears 
yielded essentially the same when the top ear shoots were covered 
as did the top ears when the second ear shoot s were covered. Plant 
yield in those cases was comparatively high compared to the type 1 
Table 32. Analysis of variance of yield and yield transfer when alternate ears were covered to 
prevent pollination of 21 hybrids, three hybrid types ivith seven hybrids each 
Yield 
Control 
Source D.F, 
Total 
M.S. 
Top ear 
M.S. 
2nd ear 
M.S. 
2nd ear® top ear^ Transfer 
covered covered 2nd to topc top to 2ndd 
M.S. M.S. M.S. M.S. 
Replication 2 308. 02 74. 27 133. 65 648, ,81 183. 17 534. 08 514. •97 
Hybrid 20 1352. 86* 2533. ,33** 5012. 89** 1224, .93** 14315, ,61** 1564. ,72** 6733. 40** 
Error 40 574. 78 311. ,36 546. ,36 276. 14 344. 38 384. ,08 703. 05 
Mean square for yield of the top ears when the second ears were covered to prevent pollination. 
bMean square for yield of the second ears when the top ears were covered to prevent pollination. 
CKean square for the yield increase experienced in the top ears relative to a control, caused 
by covering the second ears to prevent ix>llination. 
dwean square for the yield increase exptndenced in the second ears relative to a control, caused 
by covering the top ears to prevent poll.ination. 
"Statistically signifj.cant at the 5% levol of probability. 
••Statistically significant at the 1% Icïvel of probability. 
Table 33. Transfer of photosynthate to alternate ear when the top or second ear is covered 
at pollination,, measured in 21 single-cross hybrids at Ames, 1972. 
Yield (g/plant) 
2nd ear^ Top ear^ Transfer (g/plant) 
Pedigree Total Top €;cir 2nd ear c overed covered 2nd to top top to 2nd 
D37 X Mol 7 225.9 225.9 0.0 225.5 15.2 - 0.4 15.2 
N28 X Mol 7 211.2 202.0 9.2 223.6 47.2 21.6 38.1 
B54 X Mol 7 206.3 205.0 1.3 219.3 5.7 14.3 4.4 
B37 X B54 205.2 205.2 0.0 198.3 0.1 - 6.9 0.1 
B37 X B45 214.2 209.3 4.9 222.9 14.1 13.6 9.2 
337 X B57 195.8 195.8 0.0 209.3 11.4 13.5 11.4 
B45 X N28 241.0 238.9 2.1 222.5 120.8 -16.4 118.7 
Mean 214.2 211.7 2.5 217.3 30.6 5.7 28.2 
B59 X R71 196.4 184.4 12.0 178.6 84.0 - 5.8 72.0 
B59 X HD2158 208.7 145.9 62.8 155.7 152.0 9.8 89.2 
B67 X R71 209.1 204.3 4.8 206.1 92.8 1.8 88.1 
B67 X ITE701 220.4 146.4 74.1 194.4 168.4 48.0 94.4 
B67 X HD2158 205.8 171.5 34.3 191.5 155.3 20.0 121.1 
R71 X ITE701 259.1 157.3 101.8 178.6 129.1 21.3 27.3 
R71 X HD2158 193.4 176.1 17.3 181.8 120.4 5.8 103.1 
Mean 213.3 169.4 43.9 183.8 128.9 14.4 85.0 
(Q66-7 X Q67-9)-4-4-2-2 217.6 140.6 77.0 200.0 177.2 59.0 100.2 
(Q66-7 X Q67-9)-4-6-2-l 269.1 137.1 132.0 188.6 186.4 51.5 54.4 
(Q22-1 . X C<-'2~2 )—1—2—2—1—1 228.8 201.2 27.7 222.3 171.0 21.2 143.3 
(Q22-1 . X Q22-2)-3-l-2-l--1 209.4 209.4 0.0 220.3 109.0 10.9 109.0 
(Q97-10 X Q98-10)-l-2-3. -1-1 244.7 163.6 81.1 222.2 148.8 58.7 67.7 
(Q97-10 X Q98-10)-1-2-4. •1" •1 241.5 174.0 67.5 231.6 219.3 57.7 151.8 
(Q97-10 X Q98-10)-l-4-l--1-1 243.4 164.5 79.0 200.7 175.6 36.2 97.0 
Mean 236.4 170.2 66.3 212.2 169.6 42.2 103.3 
^yield of top ear when second ear v/as covercKl to prevent pollination, 
byield of second ear when top ear was covered to prevent pollination. 
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h^rids when the top ears were covered# In most cases the control 
yield of type 1 hybrids was essentially the same as when second 
ears were covered, i.e., the covering of second ear shoots had 
no effect on yield. Hybrids B45 x N28 and possibly B37 x B54 
are exceptions to that statement. Collins (1963) suggested 
that screening of inbred lines by their ability to transfer 
yield vdien the top ear shoot has been covered might be an 
effective method of increasing the contribution of second-ear 
yield in a population. The data presented here would similarly 
suggest that possibility. 
In this series of experiments we have been studying h^rids 
whose prolificacy varies widely. It was of interest to determine 
to what extent the difference in prolificacy might be modified by 
the application of growth regulators at the time of early ear shoot 
developments Three hybrids, (066-7 x Q67-9)-4-4-2-2^ (Q97-10 x 
Q98-10)-1-4-1-1-1, both of which are second-cycle, two-ear hybrids, 
and N28 x Mol7, an elite, nonprolific hybrid, were used as materials 
in this study. Table 34 presents the analysis of variance for 
yield and number of ears per plant determined for each plot in 
the experiment. For all yield components except for mean plant yield 
and mean number of first ears there were significant differences 
among hybrids as one would expect as a result of the contrasting 
types chosen. The data for individual hybrids are presented in 
Table 35. Q66 x Q67 shows strong prolificacy, producing some third 
ears; N28 x Mol7 shows limited ability to produce second ears. 
Table 34. Analyses of variance for yield components of nonprolific and prolific single-cross 
hybrids, which were treated with growth regulators at different nodes, grown at 
Ames, 1972 
MXia m2^ MY3C Mpyd MNl® MN2f MN39 
Source D.P. M.S. M.S. M.S. M.S. M.S. M.S. M.S. 
X 10-3 X 10-3 
Replications 1 1364.37 .03 6.08 1199.38 .66 .05 .10 
Hybrids 2 59824.83' 49144.83* 763.84** 31.90 2.30 3.64* 184.36** 
Error (a) 2 • 2154.01 2097.33 6.08 363.07 .66 .11 .10 
Treatments 5 285.74 765.09 43.10 822.42 1.62 .05 9.47 
H}/brids X Treatments 10 367.79 607.61 43.10 607.05 1.40 .04 9.47 
Error (b) 15 598.06 557.73 32.97 962.69 .87 .02 6.60 
Nodes 1 28267.92"* 15949.82** 11.61 1476.97 3.04 .06 9.69 
Hybrids x Nodes 2 2521.85 1502.75 11.61 342.64 3.04* .04 9.69 
Treatments x Nodes 5 1842.25 1034.69 25.76 1353.71 2.25* .03 3.60 
Hybrids x Treat, x Nodes 10 8410.46 1264.01 25.76 1012.56 1.25 .03 3.60 
Error (c) 18 21385.64 1118.99 47.93 611.52 .84 .03 11.38 
Total 71 2842.04 2502.29 55.93 798.25 1.27 .14 12.65 
~ mean yield of first ears. 
^MY2 = mean yield of second ears. 
CMY3 - mean yield of third ears. 
d^PY = mean plant yield. 
GMNl = mean number of first ears. 
fMN2 = mean number of second ears. 
5mN3 = mean number of third ears. 
•Statistically significant at the 5% level of probability. 
••Statistically significant at the 1% level of probability. 
Table 35. Yield per ear, yield per plant, and number of ears per plant for three noi^rolific 
and prolific single-cross h^rids grown at Ames, 1972 
Mean yield (grains/plant) Mean no. of ears/plant 
Hybrid Top ears 2nd ears 3rd ears Total Top ears 2nd ears 3rd ears 
Q66 X Q67 127,2 103.0 9.8 240.0 0.98 0.92 0.15 
Q97 X Q98 149.1 90.2 0.0 239.3 0.99 0.86 0.00 
N28 X Mol7 222.5 19.0 0.0 241.5 1.00 0.21 0.00 
Mean 1(56.3 70.7 3.3 240.3 0.99 0.66 0.05 
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No significant differences caused by treatments and no treatment x 
hybrid interactions were observed. However, for the trait, mean number 
of second ears, the differences among treatments were significant at the 
10% level. In Table 36, the pattern of response in number of second ears 
to increasing concentrations of lAA is very irregular. The highest con­
centration used did not have a repressive effect on number of second 
ears formed. Any promoting effect which may be due to the application 
of the higher concentrations of lAA was not very concentration specific, 
as can be seen by the response of second-ear production over the reuige 
of application from 10-4% XAA to lO'^M lAA. The kinetin effect on second-
ear development was similar to that of the higher concentrations of lAA. 
Table 37 is shown as inconclusive evidence for a stimulatory effect by 
higher levels of lAA and kinetin on second-ear development, with the 
recognition that these differences were not statistically significant. 
Yet in this small experiment, which was highly subject to error, this 
evidence could be meaningful, yet easily overlooked. The hybrid 
illustrated normally produces few, if any, second ears. 
The significant effect v^ich the node of application had on mean 
yield of first and second ears was largely due to physical inhibition 
of silk and shoot development by the injection of the lanolin-paste 
carrier. When the injection was made at the top-ear node, top-ear 
yield was decreased and yield of the second ears was increased as 
shown in Table 38. When the injection was made at the second-ear 
node the reverse situation was observed. Total plant yield vras 
depressed more when the injection was made at the top ear-node since 
Table 36. Mean yield cind mean number of esirs for the mean of three hybrids after treatment 
before silkd.ng with grovrth regulators 
Mean yield (grams/plant) Mean no. of ears/plant 
Treatment Top ears 2nd ears 3rd ears Total Top ears 2nd ears 3rd ear: 
Lanolin (control) 164.9 74.8 5.6 245.4 0.98 0.61 0.07 
lAA (lO'^M) 165.4 59.3 4.4 229.1 1.00 0.56 0.05 
lAA (10~'^M) 161.2 71.1 2.5 234.9 0.98 0.74 0.07 
lAA (10"\) 174.2 63.1 0.0 237.3 1.00 0.66 0.00 
lAA (10"^M) 169.6 79.4 3.4 252.4 0.99 0.71 0.04 
Kinetin 162.2 76.7 3.6 242.6 1.00 0.71 0.08 
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Table 37. Second ear yield in a nonprolific hybrid, N28 x Mol7, 
when treated with chonical growth regulators (mean of nodes) 
Treatment Yield of 2nd ear (g/plant) 
Control 3.5 
Lanolin 2.8 
10"^M lAA 8.3 
10"Sl lAA 23.2 
10~\ lAA 19.0 
lO'^M lAA 36.5 
Kinetin 24.4 
this was the predominant contributor to yield. This effect was similar 
to that described earlier where yield transfer was caused by covering 
of the alternate shoot during silk emergence and pollen shed. The 
injection eiffected the production of grain on the ear, but only to a 
lesser extent did it result in failure of the cob to develop. This 
can be seen by comparing the nodes effect on mean yield of first and 
of second ears (Table 35), where the effect was highly significant, 
with its effect on mean number of first and second ears where the 
effect was not significant at the 5% level. Possibly earlier application 
of the chemical treatments might have had more effect on ear number. 
Summarizing the growth regulator research, chemical treatments 
may be shown to have an effect on ear formation, but the main effect 
noted was the reduction in grain yield on the ear at the node of 
injection. The inert carrier was often the cause of grain yield 
reduction. No conclusive evidence of direct stimulatory effect can 
be claimed from this research although there is seme evidence of 
Table 38. Effect of t^ie node of appllcalJLon on mean yield and mean nxnriber of top, second, 
and third ears produced 
Mean yield (qreims/plant) Mean no. of ears/plant 
of Application Top ears 2nd ears 3rd ears Total Top ears 2nd ears 3rd ears 
2nd ear node 186.1 55.8 2.9 244.8 1.00 0.63 0.04 
Top ear node 146.5 85.6 3.7 235.8 0.98 0.69 0.06 
No treatment^ 182.3 65.3 1.0 248.7 
The no treatment controls were grovvn in the experiment but were not included in the 
analysis of variance since the classes, nodes of application, could not be represented 
for that control. However, the data are useful here as a base of comparison for the two 
nodes of application. 
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such by higher levels of lAA and by kinetin. Stimulation of alter­
nate ear development resulting from repression of a normal ear» s 
development is evident in all hybrids but is more substantial in 
the prolific hybrids. 
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GENERAL DISCUSSION AND SUMMARY 
The purpose of this research was to characterize the yield potential 
of the second-cycle, two-ear hybrids compared to the elite, nonprolific; 
first-cycle, two-ear; and one-ear by two-ear hybrids. In average 
yield over all plant densities and environments these second-cycle, 
two-ear hybrids were equal to or better than any of the other three 
groups. The prolificacy in first-cycle, two-ear hybrids and second-
cycle, two-ear hybrids enabled those hybrids to yield more consistently 
over the range of plant densities tested (from 20,000 to 70,000 plants/ha) 
than the hybrids with less prolificacy. At the lower densities pro­
lific hybrids developed more ears per plant and, since the number of ears 
per plant limited yield potential at those densities, produced higher 
yields. At the higher populations prolific hybrids continued to produce 
at least one ear per plant while nonprolific hybrids shoived some 
barrenness. 
One second-cycle, two-ear hybrid yielded highest at 30,000 plants/ha, 
even in the environment with highest yield potential. In that same envir­
onment the top-yielding elite, nonprolific hybrid had a similar yield 
at 70,000 plants/ha. Obviously, plant density alone can not be the 
sole criterion in determining the optimum-yielding environment for all 
hybrids, but must be considered with regard to the degree of prolificacy 
inherent in the hybrid to be grown. Optimum plant density for prolific 
hybrids was below the density at vrfiich those hybrids became single-eared. 
Since one of the proposed advantages of prolificacy is to reduce 
barrenness at high plant densities and thereby provide for increased 
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production at higher lAI's, it was surprising to find that the optimum 
density for second-cycle, two-ear hybrids v/as often below that for 
the elite, nonprolific hybrids. The second-cycle, tvTo-ear hybrids 
had a greater LAI at a given density than did the elite, nonprolific 
hybrids and this may have contributed to the lower optimum density for 
these prolific hybrids. If so, it seems advantageous to decrease leaf 
area per plant to a level equal to or less than that of current elite, 
nonprolific hybrids adapted to high plant densities. Otherwise, there 
may be no advantage for grain production in utilizing populations 
above 50,000 plants/ha. A combination of high plant density, low leaf 
area per plant, and prolificacy should combine to produce the maximum 
number of ears per unit area of land. While prolificacy did prevent 
barrenness at high densities, there seemed to be more yield potential 
for the prolific hybrids at lower plant densities where they actually 
produced more than one ear per plant. Thus for these second-cycle, 
two-ear hybrids one would be advised not to utilize the highest 
population at which plants develop one ear to maximize yield, and 
further research is needed to analyze the potential of other prolific 
hybrids in high plant densities. 
Difference among hybrids regarding their utilization of light 
in different layers of the plant canopy is proposed as a possible 
explanation of hybrid variation in optimum density or LAI. Plants 
whose grain yield resulted primarily from contributions of upper leaves 
^ould benefit by increasing LAI to the point of shading out lower 
leaves and distributing all incoming light in the upper canopy. 
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other plants whose lower leaves contribute significantly to grain 
yield might yield best at a lower LAI. If the second-cycle, two-ear 
hybrids had an inherent dependence on photosynthates from lower 
leaves for second-ear development, this would explain their low 
optimum density. 
In previous characterizations of prolific hybrids, two areas of 
usefulness have been cited: 1) use in high populations where re­
sistance to barrenness was an advantage, and 2) use in marginal 
environments where low plant densities were required but variability 
in yield potential of environments over years called for equal 
variability in yield potential of hybrids, i.e., no limitation on 
yield caused by inability to increase number of ears per unit of 
land vAien good growing conditions occurred. It now seems that each 
of these characterizations belong to a different type of prolificacy: 
1) prolificacy which is sustained by upper leaf photosynthates and is 
thus able to maximize production in high plant densities, and 2) pro­
lificacy v^ich is sustained by lower leaf photosynthates and is thus 
able to maximize production in low plant densities. 
In the past it is reasonable to assume that most prolific hybrids 
were of the low-pi ant-density t^'ps. However, comparison of yield 
response to increasing density among the second-cycle, two-ear hybrids 
shows significant variability, some hybrids responding negatively, 
others positively. Selection against a negative response to increasing 
densities should allow the evolution of hybrids depending to a larger 
extent on the upper leaves of the canopy for development of second 
ears, and therefore, promote the evolution of hybrids better adapted 
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to high plant densities than the second-cycle, two-ear hybrids. 
Regarding the characterization of second-cycle, two-ear hybrids 
for environmental stability, it was found that only in the three lower 
densities, 20,000, 30,000 and 40,000 plants/ha, were there significant 
differences among the b^ values for type means. The second-cycle, two-
ear hybrids had b^ values ranging from 1.37 at 20,000 plants/ha to 
1.15 at 40,000 plants/ha, while, over the same densities the bj^ of 
elite, nonprolific hybrids ranged from .57 to 1.03. Mean squared 
deviations for second-cycle- two-ear hybrids rsnained relatively 
constant near 35 compared to that for elite, nonprolific hybrids 
which ranged from 28 at 20,000 plants/ha to 93 at 70,000. Prolificacy 
appeared to enable the second-cycle, two-ear hybrids to maintain 
environmental stability in all densities, whereas, the stability of 
elite, nonprolific hybrids was more variable over densities, being 
comparable to the second-cycle, two-ear hybrids only at 50,000 plants/ha. 
Within each type of hybrid at the three higher densities, significant 
vciriation in environmental stability existed, as measured by b]_, indi­
cating that stability in that regard was not conditioned by prolificacy 
and could be selected for with equal expectation of success in any of 
the hybrid types testeds With regard to stability as measured by 
H.S.D., the second-cycle, two-ear hybrids wers more stable than elite, 
nonprolific hybrids, especially when considered over the range of 
densities tested. 
The treatment of densities as separate environments in a stability 
analysis produced little new information and v/as more difficult to 
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interpret. Better information was gained by studying environmental 
parameters at defined densities rather than treating variable densities 
as environmental variation. 
The second-cycle, two-ear hybrids were later maturing than the 
elite, nonprolific hybrids. Since later maturing hybrids were at a 
relative disadvantage in late planted yield tests, which were, in 
general, also the low-yield-environments, the net result from these 
experiments showed no yield superiority of prolific hybrids in low-
yield-, late-planted-environments. The superiority of prolific hybrid 
yields in low-yield-environments, as claimed by Russell (1968), was 
observed in the only low-yield-environment vAiich was planted early. 
Lower ear number in later planting probably explains why prolifics 
lose much of their advantage in late planting. It seems, therefore, 
that for prolific hybrids to express their yield potential in low-
yield-environments they must be planted early, or earlier maturing 
prolific hybrids must be developed. 
In summary, the yield potential and environmental stability of 
second-cycle, two-ear hybrids were equal to or greater than the other 
types tested, and the stability of Nd-sld over densities was greater 
for prolific hybrids than for others. The breeding of prolificacy 
into future Com Belt hybrids is recommended, but further research 
is needed to define the best method of selecting hybrids based on 
the density level at which they are intended to be grown. 
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APPENDIX 
Table 39. Analysis of viirlance for grain yield at each plant density in Experiment 31 grown 
at the Agronomy Farm, 1969 
Density 1 Density 2 Density 3 i 
Sourcn D.F. S.S. M.S. S.S. M.S. S.S. M.S. 
T'.cdl 63 20782.94 14286.39 7435.17 
Re?.'licc.tions 2 ^.5.10 23.05 175.68 87.84 32.07 16.03 
Hybrids 27 15973.12 628.63'"» 10668.96 395.15** 5843.84 216.44*• 
Error 54 37G3.73 69.70 3441.75 62.74 1559.27 28.88 
C.V. 9.7% 8.8% 5.8% 
Dons Itv 4 Density 5 Density 6 
Sourcc D.F. S.S. M.S. S.S. M.S. S.S. M.S. 
Total 83 8394.40 9029.58 10662.79 
Replications 2 123.22 61.61 4.31 2.15 241.79 120.89 
Hybrids 27 5664.73 209.80"" 5853.99 216.81 6673.91 247.18** 
Error 54 2606.46 48.27 3171.28 58.73 3747.10 69.39 
C.V. 7.2% 7.8% 8.9% 
••Statistically significant at the 1% level, of probability, 
Table 40, Combined analysis of variance for grain yield at six plant densities 
in Experiment 31 grown at the Agronomy Farm, 1969 
Source D.F. S.S. M.S. F 
Densities 5 9506.62 1901.32 
Hybrids 27 28181.53 1043.76 18.49* 
Hybrids x Densities 135 23510.16 174.15 3.09* 
Pooled Error 324 18289.58 56.45 
C.V. 8.1% 
••Statistically significant at the 1% level of probability. 
Table 41, Analysis ol: variance for grajj\ yield at each plant density in Experiment 32 grown 
near Ankeny, 1969 
Doncity 1 Density 2 Density 3 
Source D.P, S.S. K.H,, S.S. M.S. S.S. M.S. 
Total 83 14448. 0? 11734. 82 11745. 73 
Replications 2 229. 91 114 ..95 75. ,08 37. 54 823. 11 411. 55 
Hybrids 2 1  11068. 66 409 .95** 9835, 50 364. 28*' 7840. 72 290. 40** 
Error 54 3149. 46 58 ..32 1824. 23 33, .78 3081. 91 57. 07 
C.V. 12 ,.1% 7, .6% 9. 2% 
Density 4 Density 5 Den sity 6 
Source D.F. S.S. M.J 3 » S.S. M.S. S.S. M.S. 
Total 83 12738. 92 14256. 69 16240. 38 
Replications 2 285. 43 142. 71 1378. 16 689. ,08 123. 36 61. ,68 
Hybrids 27 8575. 70 317. 62** 8738. 36 323. ,64** 12115. 95 448. ,74** 
Error 54 3877. 79 71, .81 TH40. 17 76. ,67 4001. 07 74. 09 
C.V. 9. 7% 10. .2% 10. ,5% 
••Statistically significant at the 1% level of probability. 
Table 42. Combimxj analysis of vari<mce for grain yield at s;bc plant densities 
in Experiment 32 grown n&ar Ankeny, 1969 
Source D.F. S.S. M.S. 
Densities 
Hybrids 
Hybrids x Densities 
Pooled Error 
5 
27 
135 
324 
32956.28 
39235.73 
18939.29 
20074.62 
6591.26 
1453.18 
140.29 
61.96 
23.45** 
2.26** 
C.V. 9.8% 
••Statistically significant at the 1% level of probability. 
Table 43, Analysis of variance for grain yield at each plant density in Experiment 31 grown 
at the Agronomy Farrn, 1970 
Source 
( 
D.F. 
Density 1 Density 2 Density 3 
S.S. M. S. S.S. M.S. S.S, M.S. 
Total 83 12302. ,58 7464. ,57 8607. 58 
Replications 2 4. 13 2. 07 6G. ,37 33. 18 111. 57 55.79 
Hybrids 21 10653. ,10 394. 58** 6332. ,08 234. 52** 7150. 69 264.84** 
Error 54 1645. 34 30. 47 1066. ,13 19,74 1345. ,32 24.91 
C.V. 8. ,1% 5. ,5% 5,4% 
Density 4 Density 5 Density 6 
Source D.F. S.S. H. S., S.S. M.S 1. S.S. M.S. 
Total 83 10160. 59 10316. 05 10862. 00 
Replications 2 478, 57 239. 28 631. 35 315. 68 506. 19 253.09 
Hybrids 27 7877. 28 291. 75** 6701. 64 248. 210* 8045. 31 297.97#* 
Error 54 1804, 74 33, 42 2983. OS 55. 24 2310. 50 42.79 
C.V. 6. 0% 8. 0% 7.0% 
••Statistically significant at the 1% level of probability. 
Tcbic 44, CctTibjnfd tjialynis ol varJL<incc* for grain yield at six plant densities 
in Experiment 31 grown at the Agronomy Farm, 1970 
D.F. S.3. M.S. F 
densities 5 48455.00 9691.00 
Hybrids 27 33091.00 1225.59 35.58*' 
Hybrids x Densities 135 13669.09 101.25 2.94** 
Poolnd error 324 11157.74 34.44 
C.V. 6.7% 
**Stûtictically signifie •.'nt at the 1% level of probability. 
Table 45, Analysis of variance for grain yield at each plant density in Experiment 32 grown 
at Ankeny, 1970 
Density 1 Density 2 Density 3 
Sourcs n.F. S.S. M.S., S.S. M.S. S.S. M.S. 
Total 83 5316.10 10136.08 0377.72 
Replications 2 14.40 7.20 6.38 3.19 206.40 103.20 
Hybrid.; 27 4167.35 154.35*' 8433.00 312.33"'* 6474.35 239.79** 
Error 54 1134.3% 21.01 1696.70 31.42 2196.97 40.68 
C.V. 6,7% 7.0% 7.3% 
Density 4 Density 5 Density 6 
Source D.F. S.S. M.S., S.S. M.S. S.S. M.S. 
Total 83 8118.Off 10441.12 11210.28 
Replications 2 8.Sg 4.27 181.37 90.68 109.86 54.93 
Hybrids 27 6204.65 229.80*' 11763.79 435.70"* 8960.10 331.86** 
Frror 54 1904.8% 35.27 2095.97 38.81 2140.32 39.64 
C.V. 6.6% 7.1% 7.7% 
••Statlsticolly significant at the 1% level of probability. 
Table 46. Combined analysis of variance for grain yield at six plant densities 
in Experiment 32 grown at Ankeny, 1970 
Source D.F. S.S. M.S. 
Densities 3 
Hybrids 27 
Hybrids x Densities 135 
Pooled error 324 
C.V. 
25241.00 
35980.00 
10023.22 
11169.83 
5048.20 
1332.59 
74.25 
34.47 
7.1% 
38.66#* 
2.15** 
Statistically significant at the 1% level of probability. 
Table 47, Analysis of variance for grain yield at each plant density in Elxperiment 31 grown 
at the Agronomy Farm, 1971 
Dors. ity 1 Density 2 Dens ity 3 
Source D.r.^ S.S. M.S. S.S. M.S. S.S. M.S. 
Total 83 16140.47 8956.27 12314.50 
Replications ? 155.45 77.73 186.00 93.00 360.02 180.01 
Hybrids 27 7760.52 287.43*' 5731,95 212,29** 4575.41 169,46** 
error 53 1599.99 30.19 1136.06 21,44 3696.87 69,75 
C.V, 9.0% 6,6% 11.5% 
Density 4 Density 5 Density 6 
Source D.F. S.S. M,S. S.S. M.S. S.S. M.S. 
Total 83 12161.46 12035.83 10238.87 
Replications 2 260.46 130.23 399.91 199.95 127.05 63,52 
Hybrids 27 6778.18 251.04** 7378.42 273.27*" 6119.66 226,65** 
Error 53 2450.83 46,24 3876.38 73.14 3505.00 66.13 
C.V. 8.9% 12.2% 11,6% 
^ovariance analysis: therefore D.F« = 53, 
••Statistically significant at the 1% level of probability. 
Table 48. Combined analysis of variance -for grain yield at six plant densities 
in Experiment 31 grown at the Agronomy Farm, 1971 
Source D.F„ S.S. M.S. 
Densities 
Hybrids 
Hybrids x Densities 
Pooled error 
5 
27 
135 
318% 
10320.00 
31301.00 
21985.59 
16265.12 
2064.00 
1159.30** 
162.86** 
51.15 
23.09 
3.24 
C.V. 10.2% 
Statistically significant at the 1% level of probability. 
^Analysis of covariance, so D.F. equals 318. 
Table 49. Analysis of variance for grain yield at each plant density in Experiment 32 grown 
at Ankeny, 1971 
Source D.F, 
Density 1 
S.S. M..: 
Density 2 
S.S. M.S. 
Density 3 
S.S. M.S. 
To;;al 83 
Replications 2 
Hybrids 27 
Error 54 
8638.37 
13.60 
7137.28** 
1487.41 
6.84 
264.34 
27.54 
8109.31 
43.48 
6409.18 
1656.65 
21.74 
237.38** 
30.68 
10548.08 
575.38 
8375.41 
1597.29 
287.69 
310.20** 
29.58 
C.V. 8.4% 8.2% 8.1% 
source D.I 
Density 4 
S.S, 
Density 5 
1.5. M.S. 
Density 6 
S.S. M. 
Total 83 
Replications 2 
Hybrids 27 
Error 54 
12686.85 
256.90 
9577.31 
2852.63 
128.45 
354.72** 
52.83 
13288.34 
152.52 
10430.74 
2705.08 
76.26 
386.32** 
50.09 
15624.96 
26.30 
10819.47 
4779.18 
13.15 
400.72** 
88.50 
C.V. 11.2% 10.9% 15.4% 
••Statistically significant at the 1% level of probability. 
Table 50, Combined analysis of varicuice for grain yield at six plant densities 
in Experiment 32 grown at Vlnkeny, 1971. 
Source D.F. S.S. M.S. 
Densitiei; 5 
Hybrids 27 
Hybrids x Densities: 135 
Pooled error 324 
C.V. 
2863.00 
42033.00 
10716.38 
15078.24 
572.60 
1556.78** 
79.38** 
46.54 
10.6% 
37.51 
1.91 
Statistically significant at the 1% level of probability. 
Table 51, Analysis of variance for grain yield at each plant density in Experiment 31 grown 
at the Agronomy Fann.j 1972 
Density 1 Density 2 Density 3 
Source D.Z. S.S. M.S. S.S. M.S. S.S. M.S. 
A 'Tt 1 80 27983.15 13413.48 8216.36 
Replications 2 230.74 115.37 272.21 136.10 0.69 0.35 
Hybrids 26 25788.78 991.88** 11110.04 427.31** 5815.55 223.67** 
Error 5] a 1744.77 34.21 2202.67 43.19 2021.24 39.63 
C.V. 7.0% 7.1% 6.5% 
Density 4 Density 5 Density 6 
Source D.F. S.S. M.S. S.S. M.S. S.S. M.S. 
Total 80 9234.52 9292.58 15877.79 
Replications 2 127.14 63.57 49.49 24.74 344.32 172.17 
Hybrids 26 6303.92 242.46** 6560.87 252.34** 11793.64 453.60** 
Error 51 2791.00 54.73 2634.63 51.66 3373.62 66.15 
C.V. 7.4% 7.2% 8.3% 
^ovariance analysis; therefore D.F. = 51» 
••Statistically significant at the 1% level of probability* 
Table 52. Ccsnbined analyses of variance for grain yield at six plant stand densities 
in Experiment 31 grown at the Agronomy Farm, 1972 
Source D.P. S.S. 
Densities 5 
Hybrids 26 
Hybrids x Densities 130 
Pooled error 306® 
15933.00 
34065.00 
32318.62 
14767.93 
M.S. 
3186.60 
1310.19*' 
248.60** 
48.26 
27.15 
5.99 
C.V. 7.3% 
^Analysis of covarlcince, therefore D.P. = 306. 
••Statistically significant at the 1% ].evel of probability. 
Table 53. Analysis of variance for grain yield at each plant density in Experiment 32 grown 
at Ankeny,, 1972 
Density 1 Density 2 Density 3 
Source D.P. S.S. S.S. M.S. S.S. M.S. 
80 15329.60 14034.05 14126.03 
Replications 2 54.73 27.37 47.68 23.84 54.61 27.30 
Hybrids 26 13314.24 512.09** 13126.18 504.85"* 12412.59 477.41** 
Error 52 1960.62 •17.70 860.19 16.54 1658.83 31.90 
C.V. 8.0% 4.6% 5.9% 
Density 4 Density 5 Density 6 
Source D.F. S.S. M.S. S.S. M.S. S.S. M.S. 
Total 80 14006.64 12721.17 16576.72 
Replications 2 83.56 41.78 25.67 12.84 54.59 27.30 
Hybrids 26 11760.22 452.32** 9744.33 374.78** 13168.18 506.47** 
Error 52 2162.86 41.59 2951.17 56.75 3353.94 64.50 
C.V. 6.4% 7.5% 8.2% 
••Statistically significant at the 1% level of probability. 
Table 54. Combined analysis of variance for grain yield at six plant densities 
In Elxperiment 32 grown near Ankeny, 1972 
Source D.P. S.S. M.S. 
Densities 5 
Hybrids 26 
Hybrids x Densities 130 
Pooled error 312 
34459.00 
56481.00 
17044.69 
12947.60 
6891.80 
2172.35»* 
131.11** 
41.50 
52.35 
3.16 
C.V. 6.9% 
Statistically significant at the 1% level of probability. 
Tcible 55, Mean yields® of 20 maize single-crosses, four plant types with seven crosses 
per t>T3e, at six plant densities and average % moisture of each cross in 
Experiment 3:1 grown at the Agronomy Farm, 1969 
Pedigree 
Densities 
Mean 
% 
Moisture 
^37 X Mol 7 68.3 86.3 95.5 105.2 101.7 89.5 91.1 29.1 
N20 X Mol 7 88.8 87.4 90.9 96.8 113.9 94.6 95.6 32.7 
B54 X Kol 7 70.0 83.7 91.0 100.3 100.7 96.1 90.3 25.1 
B37 X Eb4 67.3 90.4 101.1 109.3 94.0 107.3 94.9 25.9 
B37 X 345 73.7 89.9 98.5 98.5 96.4 85.0 90.3 25.1 
B37 X B57 76.4 93.9 101.4 110.1 120.6 116.2 103.1 31.5 
u45 X H28 79.7 116.B C9.0 104.2 96.5 91.9 96.3 31.5 
74.9 92.6 95.3 103.5 103.4 97.2 94.5 28.7 
059 X R71 72.5 89.4 97.0 91.8 100.7 92.7 90.7 25.5 
B:.9 X MD?153 70.9 69.6 74.2 74.6 79.7 77.0 74.2 26.6 
C'1'7 X K71 88.0 98.4 90.2 96.5 93.0 94.1 93.4 28.5 
as 7 X ITE701 66.5 70.2 77.6 88.8 84.9 79.8 78.0 26.2 
B67 X 1102158 69.0 85.7 79.8 84.5 88.4 87.3 82.4 29.8 
R71 X ITE7C1 96.7 92.9 92.2 89.5 96.2 96.8 94.0 31.9 
r<7i X KD2158 84.7 85.5 87.3 91.7 97.2 107.1 92.2 32.3 
Mo.:u 1 78.3 84.1 85.5 88.2 91.1 90.7 86.4 28.7 
^Yield expressed in q/ha 
Table 55. (continued) 
Densities 
Pedigree 1 2 3 4 5 6 Mean Moisture 
'QG6-7 X Q67-9)-4 -4-2-2 93.8 100.4 93.2 100.5 104.3 97.5 98.3 27.5 
(Q56-7 X Q67-9)-4 -6-2-1 95.8 97.0 105.8 95.0 100.1 93.3 97.8 28.6 
{Q21-1 X Q22-2)-l -2-2-1 87.9 99.9 89.4 108.0 103.6 100.5 98.2 30.5 
(Q21-1 X Q22-2)-3 -1-2-1 100.3 92.9 91.4 95.1 90.7 84.0 92.4 30.5 
(097-10 X Q98-10) -1-2-3-2 115.2 107.6 99.3 106.0 99.2 101.2 104.8 30.7 
(Q97-10 X Q98-10). -1-2-4-•2 113.0 95.1 107.6 103.1 105.8 98.8 103.9 29.6 
(Q97-3 0 X Q98-10). -1-4-1-1 114.7 112.9 105.4 98.7 97.1 98.4 104.5 33.9 
Mean 103.0 100.8 98.9 100.9 100.1 96.2 100.0 30.2 
B37 X R71 69.1 69.6 78.6 83.2 91.4 86.3 79.7 29.4 
B37 X HD2158 84.3 78.7 90.5 92.6 103.2 94.7 90.7 30.4 
B37 X B67 76.3 85.6 96.4 104.6 108.6 100.5 95.3 27.0 
Mol7 X ITE701 96.6 89.3 90.8 ' 94.7 94.3 85.0 91.8 25.5 
Mol 7 X 257 86.1 97.3 90.2 98.3 94.4 85.3 92.0 24.7 
N2B X ITE701 83.3 86.0 82.1 90.4 87.4 79.1 84.7 31.6 
N28 X HD2158 81.1 81.1 88.5 92.4 98.2 96.7 89.7 35.6 
Mean 82.4 84,0 88.2 93.7 96.8 89.7 89.1 29.2 
Exp. Means 84.7 90.. 5 92.0 96.6 97.9 93.5 92.5 29.2 
Table 56. Mean yields® of 28 maize single*crosses, four plant types with seven crosses per 
type, at six plant densities and average % moisture of each cross in Experiment 32 
grown at Ankeny, 1969 
Pedigree 
X Mo] 7 
X Mol 7 
B54 x Mo3.7 
X B54 
X 
X 
X 
E37 
B3' 
B37 
B37 
545 
B45 
B57 
N20 
Moan 
B59 X 
B59 X 
Bf>7 X 
B67 X 
B67 X 
R71 X 
R71 X 
Mean 
R71 
HD2158 
R71 
ITC701 
HD2158 
ITR701 
HD215B 
Densities 
Mean 
% 
Moisture 
66.5 SO.G 88.8 101.1 68.5 95.5 86.8 29.1 
67.4 79.6 85.9 99.7 94.7 97.9 87.5 31.8 
55.7 75.1 77.1 91.1 91.9 92.5 80.6 27.4 
61.0 83.3 85.4 72.4 98.4 94.8 82.6 27.2 
69.1 80.8 98.5 101.3 94.3 89.4 88.9 26.7 
72.4 92.4 99.1 107.2 103.6 86.5 93.6 30.3 
59.1 74.8 98.8 90.7 85.2 91.2 83.3 31.3 
64.5 80.9 90.6 94.8 93.8 92.5 86.2 29.3 
66.8 88.6 88.3 93.0 95.2 76.3 84.7 26.9 
3C.0 55.0 65.4 57.6 57.2 57.6 54.8 24.8 
61.8 72.5 77.3 87.1 80.1 • 84.1 77.1 27.6 
58.4 61.8 69.2 76.0 75.0 65.6 67.8 26.5 
55.4 GO.5 65.3 76.5 63.0 57.6 63.0 28.4 
65.5 72.3 76.6 84.6 79.1 68.7 74.8 29.6 
49.4 54.9 81.8 88.2 88.8 87.1 75.0 30.2 
56.2 66.5 74,8 80.5 76.9 71.0 71.0 27.7 
\ield expressed in q/ha. 
Table 56. (continued) 
Pedigree 
(Q66-V X Q67-9)-4 -4-2-2 67.3 
(066-7 X Q67-9)-4 -6-2-1 73.0 
(021-1 X Q?2-2)-l -2-2-•1 73.1 
(021-1 X Q22-2)-3 -1-2-•1 74.0 
(Q97-10 X Q98-10) -1-2-3—2 71.6 
(097-10 X 098-10) -1-2-4-•2 84.4 
(097-10 X 098-10). -1-4-.].-l 76.4 
Mean 74.3 
337 X R71 36.0 
B37 X HD2158 61.1 
B37 X 367 71.9 
Mol7 X ITE701 70.6 
Mol7 X B67 64.3 
N28 X ITE701 53.8 
J\I28 X HD2158 42.1 
Mean 57.1 
Exp. Moan 63.0 
2 
Densities 
3 4 5 6 
% 
Mean Moisture 
90 ,.8 
86,. 3 
755 ..8 
77.. 4 
91 ,.2 
74.6 
94.0 
84.3 
68 «2 
70.. 3 
88.4 
74.9 
77.. 3 
73.9 
60 ..3 
73.3 
76 «3 
94.1 
94.9 
83.0 
86.9 
86.1 
79.3 
87.5 
87.4 
68.7 
75.8 
88.9 
75.0 
85.1 
75.3 
72.1 
77.3 
82.5 
85.5 
78.3 
88.4 
90.9 
93.9 
85.8 
89.1 
87.4 
77.9 
78.9 
95.4 
96.6 
84.8 
91.2 
80.8 
86.5 
87.3 
95.9 
82.1 
92.4 
83.7 
86.8 
89.0 
90.8 
88.4 
76.6 
69.2 
90.8 
87.1 
86.8 
85.4 
80.7 
62.4 
85.4 
88.3 
55.6 
87.3 
88.0 
85.2 
83.7 
84.1 
81.7 
65.5 
69.6 
93.1 
92.5 
83.5 
82.0 
81.9 
81.2 
81.6 
87.0 
78.4 
83.3 
83.5 
85.8 
82.6 
87.0 
83.9 
65.5 
70.8 
88.1 
82.8 
80.3 
76.9 
69.6 
76.3 
79.4 
27.6 
28.7 
29.6 
28.0 
29.5 
28.3 
32.2 
29.1 
29.2 
28.4 
26.8 
26.1 
25.7 
32.4 
34.2 
29.0 
28.8 
Table 57. Mean yields^ of 28 maize single-crosses, four plant types with seven crosses per 
type, at six plant densities and average % moisture of each cross in Experiment 31 
at the Agronomy Farm, 1970 
Densities 
Pedigree 1 2 3 4 5 6 Mean Moisture 
B37 X Mol7 66.7 82.9 103.9 98.9 94.7 103.8 91.8 23.5 
N28 X Mol7 65.2 86.8 102.2 108.9 109.6 106.1 96.5 25.2 
B54 X Mol7 59.5 75.5 88.2 90.5 77.5 83.7 79.1 22.4 
B37 X B54 68.4 83.8 100,3 105.2 91.8 108.2 92.9 23.8 
B37 X B45 67,1 91.6 103.8 106.4 104.7 104.4 96.3 23.6 
B37 X B57 74.8 95.7 109.0 100.3 102.9 99.1 97.0 24.9 
B45 X N28 66.1 93.1 107.3 113.6 87.9 113.0 96.9 25.3 
Mean 66.8 87.0 102.1 103.4 95.5 102.6 92.9 24.1 
859 X R71 67.1 73.7 83.9 90.0 87.7 87.7 81.7 21.2 
B59 X HD2158 58.6 66.4 78.4 85.8 77.5 76.9 73.9 20.9 
B67 X R71 59.1 73.7 85.0 99.3 94.0 99.8 85.1 22.0 
Q67 X ITE701 61.4 67.4 79.8 81.4 87.1 85.7 77.1 20.3 
B67 X HD2158 48.6 65.1 74.6 80.7 81.4 78.5 71.5 24.6 R7l X ITE701 77.9 00.0 84.7 90.0 88.9 85.8 84*5 24.1 
R71 X HD2158 61.3 76.5 85.3 80.3 79.2 87.8 78.4 24.6 
Wean 62.0 71.8 81.6 86.8 85.1 86.0 78.9 22.5 
"Srield expressed in q/ha. 
Table 57. (continued) 
Densities 
Pedigree 1 2 3 4 5 6 Mean 
% 
Moi stun 
(066-7x067-9)-4-4-2-2 79.3 84.5 90,4 100.1 97.7 93.4 90.9 21.7 
(066-7x067-9)-4-6-2-l 79.5 82.7 89.2 92.4 94.2 88.2 87.7 21.9 
(Q21—1x022—2)—1—2—2—1—1 70.5 77.0 90.0 108.8 97.7 101.3 90.9 24.1 
(Q21-lxQ22-2)-3-l-2-l 61.1 79.5 99.4 103.9 103.7 97.3 90.8 24.4 
(Q97-10xQ98-10)-l-2-3--1-.1 99.4 94.4 105.4 110.8 104.8 103.5 103.0 24.7 
(Q97-10xQ9a-10)-l-2-4-.1 _ 1 98.1 98. 7 98.9 102.6 92.6 96.9 98.0 22.1 
(Q97-10xQ98-10)-l-4-l-•1-•1 81.3 88.9 93.0 103.4 101.2 97.0 94.1 25.6 
Mcjn 81.3 86.5 95.2 103.1 98.8 96.8 93.6 23.5 
337 X R71 63.1 76.1 88.7 88.6 90.4 82.6 81.6 25.4 
B37 X HD2158 59.6 74.4 84.7 92.8 82.3 77.4 78.5 24.1 
B37 X B67 65.3 84.1 96.4 110.1 103.4 101.5 93.5 22.5 
Mol7 X ÏTE701 59.0 74.4 84.6 84.0 79.7 80.5 77.0 21.5 
fol 7 X 367 59.3 73.4 97.3 89.4 95.1 95.1 85.0 20.3 
K2S X TTE701 73.9 82.1 87.8 93.2 87.0 91.1 85.9 25.4 
M23 X HD2150 63.9 77.1 84.3 95.6 91,6 95.0 84.6 27.6 
Mean 63.4 77.4 78.0 93.4 89.9 89.0 83.7 23.8 
Sxp. Mean 68.4 80.7 92.0 96.7 92.4 93.6 87.3 24.1 
Table 5Ô. Mean yields^ of 28 maize single-crosses, four plant types with seven crosses per 
type, at six plant densities and average % moisture of each cross in Experiment 32 
at AnJceny, 1970 
Densi ties 
Pedigree 1 % 3 4 5 6 Mean 
i 
837 X Mol7 75.3 90.4 100.0 99.2 96.6 89.6 91.9 25.6 
N20 X Mol 7 69.6 95.3 105.6 107.1 111.6 98.4 97.9 29.0 
B54 X Mol7 62.4 84.9 87.8 93.9 93.4 85.7 84.7 23.4 
B37 X B54 62.7 85.7 92.7 96.3 99.6 88.1 87.5 24.3 
B37 X B45 67.4 92.,4 84.7 90.8 89.9 82.7 84.7 25.1 
B37 X B57 73.2 88.5 97.7 94.5 101.7 87.2 90.5 28.6 
345 X N28 70.5 78.7 87.2 83.8 86.6 70.8 79.6 29.2 
Mean 68.7 88,0 93.7 95.1 97.1 86.1 88.1 26.5 
B59 X K71 63.6 73.9 86.0 86.9 81.7 76.9 78.2 21.9 
359 % HD2158 59.8 60.7 72.2 66.5 58.8 53.0 61.8 22.2 
067 X R71 64.2 77.9 86.8 90.8 93.8 83.6 82.9 23.4 
B67 X ITE701 66.1 79.5 79.7 84.4 01.6 79.5 78.5 21.6 
367 X HD2158 51.2 60.9 70.7 73.1 65.5 65.7 64.5 26.4 
R71 X ITE701 79.4 74.9 84.0 86.2 77.8 76.3 79.8 26.6 
R7I X HD2158 65.9 58.0 80.6 79.7 75.7 84.0 76.4 26.3 
M-? an 64.3 69.4 80.0 81.1 76.4 74.1 74.2 24.1 
^yield expressed In q/hci .  
Table 58. (continued) 
Densities 
Pedigree 1 2 3 4 5 6 Mean Moisti 
(Q66-7x067-9>-4-4-2-2 79.9 90.8 97.9 90.2 101.6 92.7 92.2 24.5 
(066-7x067-9)"4-6-2-l 76.8 92.1 91.1 94.4 87.4 88.6 88.4 24.7 
(021-1x022-2 >-1-2-2-1-•1 77.7 75.8 81.4 91.0 81.9 79.6 81.2 26.6 
(Q?l-1x022-2)-3-l-2-l 67.5 81.2 87.5 92.9 82.2 89.3 83.5 27.2 
(097.10x098-10)-l-2-3-l-l 70.3 83.6 94.8 99.0 94.1 78.0 88.0 27.1 
(097-10x098-10)-l-2-4-1-1 75.9 81.7 87.3 91.1 90.7 76.4 83.9 24.2 
(097-10x098-10)-l-4-l-1-1 76.0 82.0 87.4 94.7 97.8 101.6 89.9 27.9 
Mean 76.0 83.9 89.6 93.3 90.8 06.6 86.7 26.0 
B37 X R71 61.4 77.0 83.2 82.5 83.9 75.8 77.3 27.1 
B37 X HD2158 62.6 71.7 84.1 83.3 74.5 77.3 75.6 26.7 
037 X B67 69.2 89.4 100.6 98.1 96.2 99.4 92.1 24.6 
Mol7 X ITE701 70.4 80.4 88.0 96.2 90.9 84.8 85.1 23.8 
Mol7 X BG7 73.0 87.8 98.9 102.1 101.3 91.5 92.4 22.9 
N28 X ITF701 63.4 67.5 79.1 82.0 76.3 76.6 74.2 29.5 
N28 X HD2158 60.2 65.4 70.8 84.5 73.0 70.2 70.7 32.0 
Mean 65.7 77,0 86.4 89.8 85.2 02.2 81.1 26.7 
Exp. Mean 68.7 79.6 87.4 89.8 87.4 82.3 82.5 26.5 
Table 59. Mean yields^ of 28 maize single-crosses, four plant types with seven crosses per 
type, at six plant densities and average % moisture of each cross in Experiment 31 
at the Agronomy Farm, 1971 
Pedigree 
Densities 
Mean 
% 
Moisture 
B37 X Mol 7 56.5 69.6 78.1 82.4 79.7 74.5 73.5 22.4 
N28 X Mol 7 47.5 61.3 68.9 63.7 75.3 81.2 66.3 25.5 
B54 X Mol 7 47.4 63.4 70.5 70.2 63.0 73.7 64.8 17.8 
337 X B54 56.8 75.7 72.6 85.3 68.2 59.7 69.7 18.6 
837 X B45 65,4 80.9 78.3 90.6 76.6 74.4 77.7 19.8 
B37 X B57 57.5 82.0 84.2 91.4 61.9 73.5 75.1 24.5 
B45 X N28 57.0 64.6 71.2 65.8 62.9 66.8 64.7 21.2 
Mean 55.4 71.1 74.8 78.5 69.8 72.0 70.3 21.4 
B59 X R71 70.7 73.2 74.5 83.7 73.3 70.7 74.3 16.1 
B59 X HD2158 45.7 54.6 60.1 52.8 52.6 49.7 52.6 14.8 
B67 X R71 72.1 69.2 80.3 79.4 81 .e 84.4 77.9 18.9 
367 X ITE7C1 54.1 €7.4 72.2 70.9 62.1 59.1 64.3 15.8 
B67 X HD2158 51.3 55.7 54.4 62.6 58.8 58.2 56.8 21.6 
P71 X ITE701 78.7 75.4 76.1 73.2 82.1 70.9 76.1 22.7 
R71 X HD2158 61.3 62.6 63.2 73.8 64.2 67.1 65.4 22.9 
Mean 62.0 65.4 68.7 70.9 67.8 65.7 66.8 19.0 
^ield expressed in q/ha. 
Table 59, (continued) 
Pedigree 1 
(Q66-7xQ67-9)-4-4-2-2 73.2 86.8 
(Q66-7XQ67—9)-4-6-2-1 74.5 77.0 
'021-1XQ22-2)-1-2-2-1-1 63.2 75.5 
(Q21-1XQ22-2)-3-l-2-l-l 65.3 72.1 
(097-10x098-10).1-2-3-•1-1 83.3 77.e 
097-10x098-10 ) -1-2-4-1 -1 76.7 79.2 
1097-10x098-10)-1-4-1-1-1 73.9 81.7 
: zn 73.4 78.6 
B37 X R71 60.1 66.8 
B37 X HD2158 48.5 61.2 
037 X D67 64.7 77.0 
Mcl7 X ITK701 53.4 67.7 
Mol7 X 867 58.6 68.4 
N28 X ITE701 57.7 62.7 
N28 X HD2158 37.8 53.9 
Mean 54.4 65.4 
Exp. Mean 61.3 70.1 
Densities ^ 
Meem Moisture 
77.9 
89.7 
71.3 
80.8 
75.1 
65.7 
76.0 
76.6 
71.6 
72.2 
80.2 
70.9 
75.9 
58.9 
66.4 
70.9 
72.8 
83.8 
89.4 
75.6 
81.7 
86.3 
75.7 
89.5 
83.1 
68.9 
68.1 
88.6 
78.9 
87.4 
67.0 
50.0 
72.7 
76.3 
72.0 
84.5 
67.0 
69.2 
69.8 
73.7 
81.8 
74.0 
63.6 
50.8 
84.1 
76.6 
84.1 
66.3 
59.7 
69.3 
70.2 
78.5 
78.8 
71.5 
70.8 
77.9 
66.2 
69.5 
73.3 
65.2 
71.7 
75.2 
79.6 
80.4 
57.0 
52.5 
68.8 
70.0 
78.7 
82.3 
70.7 
74.0 
78.3 
72.9 
78.7 
76.5 
66.0 
62.1 
78.3 
71.2 
75.8 
61.6 
53.4 
66.9 
70.1 
17.0 
17.4 
19.4 
18.0 
21.2 
17.2 
24.6 
19.3 
21.9 
20.1 
18.8 
17.4 
17.4 
22.8 
26.0 
20.6 
20.1 
Table 60. Mean yields^ of 28 maize single-crosses, four plant types with seven crosses per 
type, at six plant densities and average % moisture of each cross in Experiment 32 
at Ankeny, 1971 
Pedigree 
Densities 
B37 X Mol 7 66.9 79.0 77.0 72.1 
N28 X Mol 7 57.4 72.5 77.9 85.1 
B54 X Mol 7 60.8 69.8 69.7 77.9 
537 X B54 57.6 75.1 69.9 62.1 
B37 X B45 64.9 72.1 73.0 74.5 
B37 X B57 66.2 82.1 79.5 68.9 
B45 X N28 58.5 69.9 66.3 69.3 
Mean 61.8 74.4 73.3 72.8 
B59 X R71 65.5 67.2 67.7 63.7 
B59 X HD2158 45.8 52.1 42.9 41.2 
B67 X R71 60.4 65.7 71.7 69.9 
B67 X ITE701 55.8 63.4 61.5 55.4 
B67 X HD2158 41.5 51.5 48.0 44.1 
K71 X ITK701 68.0 68.3 70.3 58.1 
R71 X HD:?158 60.2 52.2 54.3 55.4 
Mean 56.7 60.0 59.5 55.4 
73.1 
76.5 
71.9 
70.8 
68.6 
81.5 
60.3 
71.8 
60.9 
42.2 
72.4 
60.5 
44.4 
66.7 
53.1 
57.2 
60.7 
70.0 
65.0 
62.0 
63.2 
70.7 
60.7 
64.6 
64.3 
37.5 
71.0 
49.5 
42.4 
67.0 
55.3 
55.3 
Mean 
71.5 
73.2 
69.2 
66.3 
69.4 
74.8 
64.1 
69.8 
64.9 
43.6 
68.5 
57.7 
45.3 
66.4 
55.1 
57.4 
% 
Moisture 
19.0 
21.8 
17.7 
18.5 
18.6 
22.4 
19.8 
19.7 
16.4 
15.5 
17.1 
16.0 
17.3 
18.8 
19.1 
17.2 
^yield expressed in q/ha. 
Table 60. (continued) 
Pedigree 1 2 
(Qf6-7xC67-9)-4'4-2-2 73.3 79.7 
(udG-"xQo/—9)-4-6-2-1 74,0 70.2 
(u21-lx022-2)-l-2-2-l-l 72.8 72.9 
(Q21-1kQ22-2)-3-1—2-1-1 71.7 72.1 
(C9-7-lC:.:a9B-10)-1-2-3-1-1 67.5 74.9 
(097-10x093-10>-1-2-4-1-1 76.2 60.4 
(09^-10x098-13).1-4-1-1-1 80.9 74.1 
73.8 72.0 
E37 X R71 53.8 65.9 
1337 X i;D2158 50.4 58.4 
337 X 3G7 G5.5 72.7 
Kol7 % TIE701 61.1 72.2 
: .ol7 X BG7 . 62.G 77.3 
W22 X 1TE7G1 58.1 57.2 
i;?3 X HD2158 46.3 52.1 
Kcan 57.5 65.1 
%xp. Mean 62.5 67,9 
Densities 
3 4 5 6 Mean 
% 
Moisture* 
76.8 73,6 74.9 77,6 76,1 16,7 
70.9 72.8 79.0 66,6 72,2 16,9 
65,8 60.0 62.5 53,4 64.6 20,1 
65.3 68.0 69.1 70.5 69,5 16.7 
67.4 65.6 60.5 62.2 66,3 19,4 
59.7 54.1 60.1 49,8 60,1 17.0 
76,8 69.4 64.7 69.0 72,5 22.0 
69.0 66.2 67.3 64.2 68.8 18.4 
70,4 65,3 58.0 56.0 62,4 19.8 
58,7 48.7 49.7 38.4 50,7 17.2 
82,9 77.7 79.9 70.7 74,9 17.7 
71,9 70.3 73.2 65.5 69,0 16.4 
73,7 79.1 03.6 80.7 76.2 16,3 
53,4 60.1 54.0 66.9 58.3 19,5 
48,4 50,9 47.3 39.1 47,3 21,3 
65.6 64,6 63.7 59.6 62,7 18.3 
66,8 64.8 65,0 60.9 64,6 18,4 
Table 61. Mean yields^of 27 maize single-crosses, four plant types v/ith seven crosses per type 
for three typos and six crosses for one type, at six plant densities and average % 
moisture of each cross in Experiment 31 grown at the Agronomy Farm, 1972 
Pedigree 
17 
N?8 
B54 
B37 
B37 
B37 
B45 
Mean 
B59 
B59 
B67 
B67 
367 
R71 
R71 
Moan 
Mol 7 
Mol 7 
Mol 7 
B54 
B45 
E57 
N28 
R71 
HD215a 
R71 
ITE701 
HD2150 
ITE701 
HD2158 
Densities 
Mean 
% 
Moisture 
63.8 85.7 103.9 94.0 99.7 94.4 90.3 24.2 
67.3 86.8 102.6 114.6 121.2 127.3 103.3 27.4 
63.4 86.8 95.3 98.3 94.6 76.9 85.9 22.5 
68.4 93.9 100.7 99.0 100.4 85.7 91.3 24.1 
67.7 95.9 108.4 107.2 100.3 110.0 98.3 24.4 
79.8 98.0 107.0 120.0 87.0 76.9 94.8 27.6 
87.4 94.9 92.7 95.2 99.6 101.8 95.3 26.7 
71.1 91.7 101.5 104.0 100.4 96.1 94.2 25.3 
105.1 89.8 96.3 105.2 111.1 109.7 102.9 21.7 
75.9 84.8 81.7 85.4 86.1 83.0 82.8 21.2 
94.0 92.4 96.6 102.9 105.2 100.8 S8.7 23.7 
81.0 75.5 83.0 86.7 88.6 92.5 84.5 . 21.3 
61.0 76.5 81.5 85.2 79.2 85.8 78.2 24.4 
108.7 112.2 99.2 92.5 97.8 95.9 101.0 25.2 
92.8 82.4 90.7 99.9 100.4 111.2 96.2 25.9 
88.3 87.6 89.8 94.0 95.4 97.0 92.1 23.3 
^ield expressed in q/ha. 
Table 61. (continued) 
Pedigree 
Densities 
Mean 
% 
Moisture 
(UC6-7 X Q67-9)-4-4-2-2 94.7 95.6 93.4 97.1 93.2 97.0 95.2 22.4 
(Q66-7 X a67-9)-4-7-2-l 100.7 98.6 101.6 93.5 103.9 107.9 101.0 23.8 
(Q21—1 X Q22~P^—1—2—2—1—1 94.6 112.1 101.6 113.8 111.1 100.6 105.6 23.6 
(Q21-1 X Q22—2)-3—1—2—1-1 101.7 91.3 93.7 97.5 92.0 80.0 92.7 24.9 
(097-10 X Q98-10>-1-2-3-1-1 118.7 123.4 112.0 115.4 114.1 107.1 115.1 25.9 
(097-10 X Q98-10)-l-2-4-l-l 114.4 116.2 104.1 101.3 102.6 90.8 104.9 23.6 
(Q97-10 X Q98-10)-l-4-l-l-l 108.2 107.7 106.7 104.3 99.0 110.0 106.0 27.8 
Ml ân 104.7 106.4 101.9 103.3 102.3 99.1 102.9 24.6 
B37 X B71 56.5 76.6 80.0 90.7 93.1 84.9 80.3 25.4 
B37 X KD2158 65.7 76.6 96.9 100.0 98.2 93.8 88.5 25.7 
B37 X B57 69.8 84.7 104.9 107.4 108.5 107.5 97.1 24.3 
Hoi7 X TTE701 76.7 81.9 98.5 102.6 103.7 102.5 94.3 22.5 
Mol7 X BG7 69.3 90.6 102.8 105.2 107.1 90.7 94.3 22.1 
M28 X HD2158 75.4 89.9 89.1 98.8 100.5 107.3 93.5 31.5 
Mean 68.9 83.4 95.4 100.8 87.3 97.8 91.3 25.2 
Exp. Mean 83.8 92.6 97.2 100.5 99.9 97.5 95.3 24.6 
Table 62, Mean yields^ of 27 maize singlo-crosses, four plant types with seven crosses per 
type for three types and six cirosses for one type, at six plant densities and average 
% moisture oj: each cross in Experiment 32 grown near AnJceny, 1972 
Pedigree 1 2 3 
^17 X Mol 7 67.1 81.1 101.1 
N28 X Mol7 65.5 76.8 101.5 
B54 x Mol 7 61.8 84.4 99.5 
B37 x B54 65.0 88.2 99.9 
837 X B45 70.7 92.1 98.4 
837 X B57 75.0 97.0 106.4 
B45 X K28 89.2 99.4 107.9 
Mean 71.5 88.4 102.1 
559 X R71 83.7 78.6 88.0 
B59 X HD2158 73.4 83.1 77.9 
B67 X R71 69.0 76.0 90.6 
B67 X ITE701 74.2 94.9 90.8 
DG7 X KD2158 52.6 70.3 72.4 
R71 X ITE701 90.8 91.6 84.1 
R71 X HD2158 71.5 74.8 79.2 
Mean 73.6 81.4 83.3 
Densities 
104.1 
106.8 
95.5 
105.6 
105.6 
99.7 
115.2 
104.6 
91.9 
90.5 
95.8 
92.4 
69.0 
95.9 
84.4 
88.6 
102.5 
109.7 
103.6 
108.4 
108.2 
101.9 
107.1 
105.9 
99.5 
78.9 
91.8 
90.2 
77.8 
95.5 
88.7 
88.9 
101.9 
120.4 
101.7 
107.4 
105.5 
81.4 
106.4 
103.5 
89.8 
82.9 
95.8 
89.1 
G9.7 
95.4 
82.8 
86.5 
Mean 
93.0 
96.8 
91.1 
95.8 
96.8 
93.6 
104.2 
95.9 
88.6 
81.1 
86.5 
88.6 
68.7 
92.2 
80.2 
83.7 
% 
Moisture 
26.6 
31.2 
25.4 
26.0 
25.1 
30.1 
31.0 
27.9 
22.8 
22.7 
25.2 
22.5 
27.2 
28.6 
29.6 
25.5 
^ield expressed, in q/ha 
Table 62. (continued) 
Pedigree 1 2 
( ,3^-7 X Qo7-9)-/l 
-4 -2-• 2 80.9 101.6 
'\SG-7 X 067-9)-4 -6 -2-1 81.2 103.1 
(Q21-1 % Q22~2)-l -2 -2-•I--•1 93.0 102.9 
(021-1 X Q22-2)-3 
-1 -2-•l- 79.5 88.9 
(Q97-10 X Q90-10) 
-1. -2-•3" 1-1 102.9 108.5 
(097-10 X Q98-10). -1-2-'4.. 107.1 120.0 
(097-10 X Q9B-10). -1-4-! . .  1-1 96.0 108.9 
Wear; 91.6 104.8 
037 X R71 60.9 68.9 
B37 X HD215S 66.0 76.7 
537 X 367 73.6 87.4 
r-"ol7 s: TT\70] 75.9 83.1 
Hcl7 X B67 70.5 93.E 
N2P X HD2158 74.3 76.5 
Mo an 70.2 81.0 
Fuxp. Ko an 76.7 89.2 
Densities ^ 
" % 
3 4 5 6 Mean Moisture 
102.7 
114.4 
100.5 
93.5 
114.7 
117.7 
110.4 
107.7 
72.8 
87.5 
100.6 
102.0 
106.7 
83.5 
92.2 
96.5 
112.5 
118.9 
112.2 
92.3 
114.0 
117.4 
109.6 
111.0 
78.0 
92.0 
99.3 
106.7 
110.3 
90.8 
96.2 
IOC. 2 
111.2 
119.8 
99.2 
95.1 
112.0 
112.1 
108.3 
108.2 
79.0 
91.6 
108.5 
110.1 
110.1 
96.2 
99.3 
100.6 
107.6 
109.9 
98.9 
86.2 
114.9 
107.3 
113.5 
105.5 
78.9 
81.3 
104.2 
101.2 
114.0 
98.4 
96.7 
98.1 
102.8 
107.9 
101.1 
89.2 
111.2 
113.6 
107.9 
104.8 
73.1 
82.5 
95.6 
95.G 
109.9 
86.6 
89.3 
93.6 
22.9 
25.4 
27.6 
26.3 
29.2 
25.6 
32.2 
27.0 
26.8 
28.3 
25.1 
23.4 
21.7 
34.4 
26.6 
26.8 
Table 63. Linear and quadratic regression coefficients for hybrids and 
h^rid types on densities in each of eight environments. 
El ^2 E3 E4 
Hybrid Number bj bq b^ bq bj bq b^ bq 
1 2.31 -2.41 2.59 -1.41 3.O8 -1.62 1.28 -1.90 
2 1.63 -0.43 3.03 -1.07 3.99 -2.19 2.78 -2.59 
3 2.72 -1.42 3.55 -1.18 1.85 -1.80 2.12 -1.96 
4 3.12 -1.82 2.88 -0.41 3.26 -1.36 2.46 -2.23 
5 1.08 -2.16 2.07 -2.17 3.26 -2.13 1.08 -1.60 
6. 4.11 -1.16 1.60 -2.71 1.92 -1.9P 1.52 -1.87 
7 0.22 -1.53 2.62 -1.98 3.22 -2.C1 0.31 -1.71 
Mean 2.17 -1.56 2.62 -1.56 2.94 -1.87 1.65 -1.98 
8 1.85 -1.42 1.02 -2.31 2.16 -0.99 1.30 -1.73 
9 0.88 —0.05 1.52 -1.63 1.89 -1.47 -0.65 -1.32 
10 0.30 -0.33 2.05 -0.96 3.98 -1.32 2.13 -1.71 
11 1.74 -1.06 1.18 -1.20 2.60 -0.76 1.12 -1.07 
12 1.49 -0.59 0.42 -1.50 2.92 -1.57 1.27 -1.40 
13 0.11 0.62 0.63 -1.49 1.02 -0.59 —0.06 -0.66 
14 2.17 -0.72 4.24 -1.69 1.95 -0.86 2.03 -0.30 
Mean 1.22 -0.30 1.58 -1.54 2.36 -1.08 1.02 -1.17 
15 0.54 -0.28 1.59 -1.52 1.71 -0.96 1.27 -0.97 
16 -0.20 -0.65 -1.66 -2.60 1.16 -0.77 0.69 -1.12 
17 1.33 -0.61 1.80 -0.62 3.36 -1.32 0.54 -0.72 
18 -1.20 —0.10 1.32 -0.74 3.69 -2.43 1.68 -1.20 
19 -1.26 0.64 0.69 -1.36 0.82 -0.59 0.49 —2.04 
20 -0.62 0.18 0.66 0.19 -0.29 -0.27 0.48 -1.48 
21 -1.95 0.47 0.44 -1.05 1.80 -1.01 2.62 -0.24 
Mean -0.48 -0.05 0.72 -1.10 1.75 -1.05 1.11 -1.11 
22 2.23 -0.37 2.60 -2.66 2.01 -1.76 1.32 -1.64 
23 1.83 -0.23 0.61 -1.25 1.73 -2.17 1.16 -1.38 
24 2.84 -1.36 1.72 -1.09 3.61 -2.14 2.42 -1.63 
25 -0.55 -0.21 2.40 -0.39 1.76 -1.56 1.60 -1.57 
26 -0.08 -1.G6 1.78 -1.24 3.38 -1.71 1.95 -2.03 
27 -0.12 —0.61 2.74 -1.74 1.52 -0.81 1.37 -1.05 
28 1.90 -0.16 3.83 -1.57 3.00 -1.12 1.24 -1.27 
Mean 1.15 -0.57 2.24 -1.42 2.43 -1.61 1.58 -1.51 
Exp. Mean 1.02 -0.62 1.79 -1.40 2.37 -1.40 1.34 -1.44 
jjLSD for b^ (one environment)=.19, .06, .04 for hybrids, types, and mean. 
^LSD for bq (one envlroiinent)=.17, ,06, .04 for hybrids, types, and mean. 
^LSD for bx (cJ.1 environments)=. 16, .06, .04 for hybrids, types, and mean. 
LSD for bq (cJ.1 environments)=.08, .04, .02 for hybrids, types, and mean. 
E- Eg E-y Eg E Mean 
bl bq bi bq bi bq bi bq 
1.78 -1.62 
2.94 -0.28 
1.89 -1.00 
0.07 -2.29 
0.64 -1.59 
0.39 -2.27 
0.55 -0.68 
1.18 -1.39 
0.13 -0.86 
0.09 -0.97 
1.40 -0.09 
0.11 -1.62 
0.74 -0.41 
—0.31 —0.08 
0.64 -0.38 
0.40 -0.63 
-0.17 -0.56 
0.63 -1.33 
0.29 -0.67 
0.00 -1.08 
-0.56 0.15 
-0.84 -0.05 
-0.12 -1.29 
-0.11 -0.69 
0.19 -0.79 
1.15 -0.86 
1.17 -1.63 
2.36 -0.94 
2.39 -1.32 
0.22 -0.71 
1.06 -1.52 
1.22 -1.11 
0.67 -0.96 
—0.76 -1.32 
1.18 -1.95 
0.51 -1.23 
0.02 -0.90 
-0.25 -1.08 
0.15 -0.87 
-0.22 -0.91 
.09 -1.18 
—0.42 —0.06 
-1.05 -0.17 
1.01 -0.57 
-0.67 -0.78 
-0.30 -0.54 
-0.32 0.31 
-0.28 0.41 
-0.29 -0.20 
0.02 0.01 
-0.13 -0.25 
-1.92 -0.09 
-0.18 0.44 
-1.03 -0.22 
-1.98 0.65 
-1.36 0.30 
-0.94 0.12 
-0.61 -1.10 
-1.37 -1.12 
0.60 -1.35 
0.34 -0.97 
1.64 -0.66 
0.59 0.71 
-0.69 -0.82 
0.07 -0.76 
-0.27 -0.50 
2.65 -2.21 
5.94 -1.24 
1.35 -3.03 
1.49 -2.64 
3.20 -2.03 
-0.49 —3.68 
1.26 0.00 
2.20 -2.12 
1.37 0.80 
0.62 -0.53 
1.12 -0.26 
1.44 0.29 
1.94 -1.05 
-1.63 0.55 
2.21 0.90 
1.01 0.10 
0.12 0.10 
0.63 0.72 
0.56 -1.29 
-1.46 -0,47 
-1.18 -0.21 
-2.31 -0.17 
-0.28 0.43 
-0.56 -0.12 
2.89 -1.73 
2.98 -1.96 
3.75 -1.85 
2.84 -1.11 
2.27 -2.73 
0.31 -0.22 
2.88 -0.34 
2.56 -1.42 
1.30 -0.89 
3.45 -1.89 
5.41 -1.07 
3.62 -1.79 
3.98 —1.86 
3.28 -1.61 
0.57 -2.87 
1.67 -1.44 
3.14 -1.79 
1.38 -0.46 
0.68 -0.64 
2.67 —1.06 
0.89 -1.21 
1.49 -1.22 
0.66 0.28 
1.47 -0.45 
1.32 -0.68 
2.46 -1.56 
2.83 -2.39 
0.43 -1.11 
0,73 -1=18 
1.00 -0.55 
-0.33 -1.20 
1.14 -0.55 
1.18 -1.22 
1.79 -0.62 
1.79 -1.79 
3.07 -1.27 
3.17 -1.58 
3.86 -1.78 
1.70 -0.37 
2.68 -0.08 
2.58 -1.07 
2.06 -1.19 
2.05 -1.80 
3.36 -1.35 
2.20 -1.67 
2.16 -1.69 
1.80 -1.79 
1.23 -2.18 
1.20 -1.28 
2.00 -1.68 
1.10 -0.87 
0.50 -0.85 
1.84 -0.79 
1.05 -0.93 
1.25 -1.04 
0.02 -0.14 
1.80 -0.21 
1.08 -0.69 
0.94 -0.72 
0.49 -1.05 
0.79 -0.80 
0 = 57 -0.84 
-0.11 -0.52 
-0.66 -0.26 
0.29 -0.36 
0.33 -0.65 
1.55 -1.33 
1.24 -1.34 
2.40 -1.54 
1.74 -1.04 
2.15 -1.56 
1.04 -0.60 
1.99 -0.85 
1.73 -1.18 
1.28 -1.05 
Table 64# Harvestable ears per 100 plants for 28 maize single-crosses at six plant densities 
in Experiment 31 grown at the Agronomy Farm, 1969 
Pedigree 
Ears per ICQ plants 
Density 1 Density 2 Density 3 Density 4 Density 5 Density 6 
B37 X Mcl7 100.1 102.9 98.0 100.0 94,1 81.3 
N28 X Mol 7 187.5 118.2 100.0 111.8 95.0 87.7 
.0/1 X Mol 7 149.4 98.6 99.0 100.0 9G.5 91.6 
337 X B54 112.5 100.0 95.8 100.9 99.6 86.6 
B37 X 845 141.3 122.6 100.0 100.9 97.9 83.5 
837 X B57 120.8 101.6 97.9 105.3 93.0 95.7 
B45 X N28 195.7 152.8 104.3 103.5 80.1 86.9 
Mean 143.9 113.8 99.3 103.2 94.9 87.6 
D59 X R71 110.4 100.0 92.6 100,0 98.5 84.6 
859 X HD2158 231.5 187.1 124.8 120.7 92.7 88.9 
067 X R71 200.0 162.0 102.1 105,3 92.0 86.8 
B67 X ITE7C1 212.5 180.6 152.4 139,3 102.2 93.1 
B67 X HD2158 151.7 155.1 111.8 103.5 97.1 97.1 
R71 X ITE701 238.6 209.7 146.9 105.9 120.3 98.2 
«71 X HD2158 227.4 152.8 105.3 101,0 96.5 92.0 
Mean 196.0 163.9 119.4 110,8 99.9 91.5 
Table 64. (continued) 
Pedigree Density, 1 
(Q66-7 X Q67-9)-4—4~2—? 291*3 
(Qh6-7 X Q67—9)—4-6-2-1 310,7 
(Q21—1 X Q22—2)—1-2—2—1 208,8 
(a21-l X Q22-2)-3-1-2-1 266.7 
(Q97—10 X Q98—10)—1—2—3—2 277,1 
(Q97-10 X Q98-10)-l-2-4-2 293,6 
(Q97-10 X Q98-10)-l-4-l-l 325.8 
Mean 282,0 
037 X R71 145,5 
837 X HD2158 189,6 
837 X 0:67 141,5 
Mcl7 X ITE701 239,0 
Kol7 X B67 189.6 
N?8 X T^E701 262.5 
N?8 X HD2158 214,2 
197,4 
Exp, Mean ! 204,8 
Ears per 100 plants 
Density 2 Density 3 Density 4 Density 5 Density 6 
250,0 191,2 181,9 156,3 123.6 
209,7 193,6 178.3 130.9 121.7 
183,3 110,6 110.0 94.8 86.6 
192,3 112,5 112,8 94.3 94.4 
176,4 121,9 110,5 94.9 96.8 
190,6 154,3 118.9 100.1 88.3 
236,1 164,0 129,4 101.0 91.0 
205,5 149,7 134,5 110,3 100,3 
102.7 102,3 102.6 97,9 84,6 
104,3 99,0 100,9 94,9 85,5 
97,2 101,0 100,9 94,2 86,8 
137,5 104,2 112.0 90.2 94,0 
141,0 96,9 100.9 93,5 92.5 
199,9 146,5 119.8 95,1 89.1 
151,5 105,3 108.5 95,7 93.9 
133,4 107.9 106.5 94.5 89.5 
154,2 119.1 113.8 99,9 92.2 
Table 65. Harvestable ears per 100 plants for 28 maize single-crosses at six plant densities 
in Experiment 32 grown at Ankeiiy, 1969 
Ears per 100 plant 
Pedigree Density 1 Density 2 Density 3 Density 4 Density 5 Densit; 
B37 X Mol 7 103.7 97.5 96.3 100.0 94.3 95.4 
N28 X Mol 7 122.2 101.3 100.9 100.0 92.8 99.5 
B54 X Mol 7 99.9 102.6 100.9 100.7 98.0 105.0 
B37 X B54 104.3 100.0 99.0 97.7 96.8 95.8 
837 X B45 111.9 101.2 101.0 98.5 101.4 96.4 
837 X B57 98.1 114.6 94.4 98.7 103.6 88.9 
84 5 X N28 162.7 108.2 98.1 96.9 94.6 90.1 
Mean 114.7 103.6 98.7 98.9 97.4 95.9 
B59 X R71 111.5' 96.2 96.2 100.2 93.3 89.4 
B59 X HD2158 193.1 111.8 100.1 88.2 91.8 91.6 
B67 X R71 142.4 100.0 94.1 98.4 94.5 99.4 
B67 X ITE701 183.0 138.2 108.4 105.4 95.6 94.7 
B67 X HD2158 169.6 105.2 94.4 98.4 94.1 88.7 
R71 X ITE701 192.4 163.4 118.7 96.2 92.4 93.9 
R71 X HD2158 216.8 138.9 99.3 90.3 93.6 97.5 
Mean 172.7 122.0 101.6 96.7 93.6 93.6 
Table 65, (continued) 
Ears per 100 plant 
Pedigree Density 1 Density 2 Density 3 Density 4 Density 5 Density 6 
(0.66-7 X Q67-9)-4-4-2-2 225.9 207.0 183.3 133.5 136.9 119.7 
(Q66-7 X Q67-9>-4-6-2-1 219.5 199.1 168.1 107.2 114.6 139.0 
(Q21-1 X Q22-2)-l-2-2-l 191.9 133.3 102.9 95.5 96.3 98.7 
(Q21-1 X Q22-2)-3-l-2-l 199.8 109.9 101.9 99.3 94.1 95.9 
(Q97-10 X Q98-10)-l-2-3-2 185.0 156.0 104.8 112.8 94.8 91.1 
(Q97-10 X Q93-10)-l-2-4-2 198.4 149.0 104.9 92.8 88.3 96.3 
(Q97-10 X Q98-10)-l-4-l-l 199.6 181.5 130.5 104.8 94.9 95.8 
Mean 202.9 162.4 128.1 106.6 102.8 105.2 
B37 X R71 161.8 116.2 94.9 97.7 90.8 89.7 
D37 X HD2158 130.1 103.8 99.1 94.7 92.3 89.3 
1337 X B67 116.7 102.5 101.0 101.6 97.9 98.4 
ilol7 X ITE701 163.7 112.8 106.1 103.8 96.2 96.6 
Mol7 X B67 107.0 98.8 103.0 109.5 99.4 91.2 
N23 X ITE701 191.8 155.3 105.6 103.8 94.2 93.8 
N23 X HD2158 18C.0 113.6 103.0 98.4 88.0 94.0 
Mean 150.2 114.7 101.8 101.4 94.1 93.3 
Exp. Mean 160.1 125.7 107.5 100.9 97.0 97.0 
Table 66, Harvestable ears per 100 plani:» for 28 maize single-crosses at six plant densities 
in Experiment 31 grown at the Agronomy Farm, 1970 
Ears per 100 plant 
Pedigree Density 1 Density 2 Density 3 Density 4 
Density 5 Density 
B37 X Mol7 104.2 102.9 96,9 97.3 87.9 91.4 
N28 x Mol7 120.8 101.4 101,1 99.1 99.3 88.5 
B54 X Mol7 110.4 101.4 106,5 113.1 97.9 91.9 
637 X B54 131.8 98.6 102,2 103.9 89.9 92.0 
637 X 645 120.8 102.8 103,6 103,4 94.9 87.6 
B37 X B57 102.1 100.0 109,5 101 o 7 95.1 91.6 
B45 X N28 107.7 102.8 98.9 99.2 92.9 94.4 
Mean 114.0 101.4 102,7 102.5 94.0 91.1 
859 X R71 195.8 126,4 103,2 97.4 99.3 94.0 
659 X HD2158 176.2 123,2 105,4 105.4 97.0 85.9 
B57 X R71 141.7 108,6 101,1 102.8 101.4 98.1 
357 X ITE701 200,0 139,3 119,4 105.3 100.8 106.2 
B57 X HD2158 141.7 125,6 108.7 107.2 101.4 95.1 
R71 X ITE701 274.7 170,8 125.3 109.2 103.7 95.1 
R71 X HD2158 177,2 138,2 104.2 108.5 99.4 95.1 
Mean 186,8 133,2 109.6 105.1 100,4 95.6 
Table 66, (continued) 
Ears per 100 plant 
Denolty 1 Density 2 Density 3 Density 4 ' Density 5 Density 6 
(Q66-7 X Q67-9)-4-4-2-;> 270.0 208.3 182.3 173.3 159.7 133.7 
(Q66-7 X Q67-9)-4-6-2-1 229.2 183.3 192.7 147.5 140.8 125.1 
(Q21-1 X Q22-2)—1-2-2-1—1 172.3 120.1 102.1 106.2 98.6 86.7 
(Q21-1 X Q22-2)-3-l-2-l 137.1 115.5 104.5 109.1 97.9 96.8 
(Q97-10 X Q98-10)-l-2-3. -1-1 249.4 142.1 108.4 106.6 97.8 93.9 
(«97-10 X Q98-10)-l-2-<l-l-l 231.3 176.4 120.1 111.3 92.2 90.1 
(Q97—10 X Q98—10) —1—4—1—1 219.0 174.4 126.3 123.2 97.8 97.5 
Mean 215.5 160.0 133.8 125.3 112.1 103.4 
B37 X R71 174.9 105.6 100.0 97.5 94.8 87.4 
B37 X HD2158 119.6 100.0 97.9 102.8 90.0 83.6 
B37 X B67 129.3 101.4 107.4 103.5 95.8 97.5 
Mol7 X ITE701 134.0 112.7 104.2 103.6 90.6 96.9 
Mol7 X B67 110.4 101.5 108.3 99.1 98.6 97.6 
N28 X ITE701 204.2 156.9 116.2 105 o 2 100.7 95.2 
N28 X HD2158 169.7 121.0 109.2 109.0 98.6 93.2 
Mean 148.9 114.2 106.2 103.0 95.6 93.1 
Exp. Mean 166.3 127.2 113.1 109.0 100.5 95.8 
Table 67, Harvestable ears per 100 plant:; for 28 maize single-crosses at six plant densities 
in Elxperiment 32 gro\m at Ankeny, 1970 
Ears per 100 plant 
Pedigree Density 1 Density 2 Density 3 Density 4 Density 5 Density 
B37 y. Kol7 102.0 97.4 99.1 99.3 92.5 85.3 
M28 X Mol7 113.1 100.0 100.1 95.4 96.3 95,2 
B54 X Mol7 102.0 103.8 99.1 97.0 95.0 97.8 
337 X B54 108.9 100.0 97.2 99.2 96.3 89.3 
D37 X 345 109.3 100.1 100.9 96.7 92.5 85,1 
B37 X B57 100.0 96.3 98.1 94,0 98.1 88,9 
B45 X N28 119.8 105.0 97.2 90,6 93.5 85,3 
Mean 107.9 100.4 98.8 96,0 94.9 89,6 
B59 X R71 150.0 106.3 98.1 94,0 92.5 88,6 
B59 X HD2158 198.0 109.0 98.0 95.4 91.2 84,1 
B57 X R71 132.6 104.0 100.0 97.0 100.0 94,2 
B57 X ITE701 196.2 171.1 120.3 103.9 99.4 94,2 
D57 X HD2158 119.1 102.7 100.9 96.3 93.1 91,4 
R71 X ITE701 211.2 150.8 118.6 100.0 92.2 89,9 
R71 X HD2158 177.8 105.0 102.8 92.4 93.6 89,7 
Mean 169.3 121.3 105.5 97.0 94.6 90,3 
Table 67, (continued) 
Ears per 100 plant 
Pedigree Density 1 Density 2 Density 3 Density 4 Density 5 Density 6 
(Q66-7 X Q67—9)"4—4~2">2 237.7 196.3 188.0 163.0 145.9 120.3 
(Q66-7 X Q67-9)-4-6-2-1 207.2 193.4 163.9 146.6 120.0 107.0 
(Q21-1 X Q?2-2)-l-2-2-l--1 202.2 121.4 94.4 101.7 88.3 82.7 
{Q21-1 X Q22-Z')-3-1-2-1 357.0 109.9 99.1 101.6 94.8 91.4 
(097-10 X Q98-10)-l-2-3-.1-1 194.4 126.2 99.1 98.5 93.8 86.3 
(Q97-10 X Q98-10)-l-2-4--1-1 188.4 122.3 99.1 94.0 93.6 85.0 
(097-10 X Q98-10)-l-4-l-l-l 194.2 171.5 129.7 113.1 93.1 96.3 
Mean 195.9 148.7 124.8 116.9 104.2 95.6 
B37 X R71 113.6 105.0 104.0 96.2 96.3 90.4 
337 X HD2158 113.4 96.3 96.3 96.9 90.9 85.9 
B37 X B67 107.7 98.7 100.0 100.8 97.4 93.6 
Mcl7 X ITB701 157.4 113.9 98.2 99.9 93.1 88.2 
Mol7 X 867 101.9 102.5 103.7 98.5 97.5 93.7 
N28 X ITE701 184.9 128.8 107.5 97.8 92.9 95.6 
N28 X HD2158 161.2 104.1 97.2 102.3 94.1 83.3 
Mean 134.3 107.0 88.1 98.9 94.6 90.1 
Exp. Mean 152.2 119.4 107.5 102.2 97.1 91.4 
Table 68. Harvestable ears per 100 plants for 28 maize single-crosses at six plant densities 
in Experiment 31 grown at the Agronony Farm, 1971 
Ears per 100 plant 
Pedigree Density 1 Density 2 Density 3 Density 4 Density 5 Density 6 
B37 X Mol 7 98.1 94.3 94.6 99.3 92.6 85.8 
N28 X Mol 7 107.8 103.3 99.0 101.9 92.6 91.7 
B54 X Mol 7 107.1 102.8 107.4 97.3 97.4 94.1 
B3 7 X B54 112.3 103.0 101.1 107.4 91.3 81.7 
B.<7 X B45 139.6 103.0 103.2 98.4 99.3 90.0 
B37 X B57 106.4 101.5 98.9 99.1 77.9 83.4 
B45 X N28 162.4 107.7 110.3 97.9 105.2 83.5 
Mean 119.1 102.2 102.1 100.2 93.8 87.2 
B59 X R71 223.5 140.0 107.0 101.9 100.1 93.3 
B59 X HD2158 182.5 148.2 119.1 97.3 103.7 97.9 
B67 X R71 189.6 120.8 108.9 96.6 91.4 91.6 
B67 X ITE701 202.6 173.4 144.4 113.0 107.5 89.1 
367 X HD2158 171.9 119.6 100.0 103.6 96.4 93.7 
R71 X ITE701 266.7 192.9 154.4 120.1 113.5 100.0 
R71 X HD2158 228.3 130.0 107.6 105.4 95.6 91.8 
Mean 209.3 146.4 120.2 105.4 101.2 93.9 
Table 68, (continued) 
Ears per 100 plant 
Pedigree Density 1 Density 2 Density 3 Density 4 Density 5 Density 6 
(Q66-7 X Q67-9)-4-4-2-2 321.4 205.8 189.8 180.6 165.3 134.2 
(066-7 X 067-9) 256.0 200.1 195.7 175.8 163.1 111.2 
(021—1 X 022—2)—1—2—^—1—1 205.3 169.0 13 3.7 105.8 100.8 93.1 
(021-1 X 022-2).3-1-2-1-1 206.5 131.9 115.6 97.3 98.7 96.0 
1097-10 X Q98-10)-l-2-3-l-l 225.6 152.2 119.2 110.4 99.9 95.0 
(097-10 X Q98-10)-l-2-4-l-l 219.6 193.0 124.5 109.4 105.4 90.1 
(097—10 X 098—10)—1—4—1—1—1 223.5 194.4 146.9 133.7 111.4 96.3 
Mean 236.8 178.1 143.6 130.4 120.7 102.3 
B37 X R71 162.5 110.2 91.3 90.6 92.8 89.9 
B37 X HD2158 174.1 104.6 102.1 98.1 92.9 92.9 
1337 X B67 142.4 120.2 97.6 105.8 106.9 100.4 
Mol7 X ITE701 133.3 143.1 110.6 103.4 100.1 100.7 
Mol7 X BG7 114.6 100.1 100.0 101.0 106.0 87.2 
N28 X ITE701 188.9 161.9 124.1 107.1 99.8 84.5 
N28 X HD2158 149.9 158.4 128.2 111.9 100.2 95.4 
Mean 152.2 128.3 107.7 102.6 99.8 93.0 
Exp. Mean 179.4 138.8 118.4 109.6 103.8 94.1 
Table 69, Harvestable ears per 100 plants for 28 maize single-crosses at six plant 
densities in Experiment 32 grown at Ankeny, 1971 
Ears per 100 plant 
Pedigree Density 1 Density 2 Density 3 Density 4 Density 5 Density 
B37 X Mol7 111.3 100.0 99.1 91.7 93.7 85.1 
N28 X Mol7 142.2 101.3 99.1 100.8 94.7 80.9 
FJ54 X Mol7 113.0 100.0 100.0 100.7 96.7 88.7 
B37 X B54 114.8 100.0 102.1 95.1 96.7 85.2 
B37 X B45 151.2 101.2 100.1 97.7 95.0 88.7 
B37 X B57 111.4 98.8 100.0 91.5 95.7 83.8 
B45 X N28 147.6 110.3 94.2 94.0 95.4 95.0 
Mean 127.4 101.7 99.2 95.9 95.4 86.8 
B59 X R71 209.4 130.9 99.9 97.0 93.4 94.3 
B59 X HD2158 179.2 133.3 100.0 102.4 91.2 87.1 
B67 X R71 164.9 111.1 97.2 101.6 97.4 91.3 
B67 X ITE701 202.0 171.6 113.0 98.4 100.5 94.3 
B67 X HD2158 130.6 105.0 102.0 100.8 91.3 86.2 
R71 X ITE701 252.1 181.0 125.3 100.8 103.2 98.9 
R71 X HD2158 184.0 115.3 94.1 98.7 89.7 90.7 
Mean 188.9 135.5 104.5 100.0 95.2 91.8 
Table 69, (continued) 
Kars per 100 plant 
Density 1 D&nslty 2 Density 3 Density 4 Density 5 Density 6 
(Q66-7 X Q67-9>-4-4-2-2 271.4 201.2 189.9 186.2 162.4 135.1 
(Q66—7 X Qr>7—9)—4—6—2—.1 249.0 184.7 168.0 150.5 139.7 110.0 
fQ21—1 X Q22—2)—1—2—2—.L—1 203.9 165.9 110.0 95.5 91.7 86.5 
IQ21-1 X Q22-2>-3-1-2-1-1 215.4 122.4 99.0 100.0 98.9 97.3 
(Q97-10 X Q98-10)-l-2-3-l-l 214.6 154.0 104.8 94.0 88.1 84.2 
(097-10 X Q93-10)-l-2-4-l-l 220.4 152.1 113.6 88.7 93.9 79.3 
(Q97-10 X Q98-10>-1-4-1-1-•1 229.2 170.4 152.2 104.4 97.4 88.6 
Mean 229.1 164.4 133.9 117.0 110.3 97.3 
B37 X R71 169.9 102.5 98.0 101.5 88.8 82.4 
B37 X HD2158 130.2 102.6 101.9 92.2 93.0 76.6 
B37 X B67 131.5 98.9 102.9 102.9 95.7 92.8 
Mol7 X ITE701 181.6 122.2 102.8 104.1 98.7 90.4 
Mol7 X B67 134.3 109.0 99.1 97.0 97.5 91.3 
N28 X ITE701 196.4 145.8 103.0 100.9 97.4 97.2 
N28 X HD2158 172.1 100.0 98.7 98.4 89.3 82.6 
Mean 159.4 111.6 100.9 99.6 94.3 87.6 
Exp. Mean 176.2 128.3 109.6 103.1 98.8 90.9 
Table 70. Harvestable ears per 100 plants for 27 maize single-crosses at six plant 
densities in Experiment 31 grov/n at the Agronomy Farm, 1972 
Ears per 100 plants 
Pedigree Density 1 Density 2 Density 3 Density 4 Density 5 Density 
837 X Mol7 110.7 102.8 99.9 97.3 91.0 94.1 
M28 X Mol7 142.4 105.6 105.4 107.4 100.7 95.7 
H54 X Mol7 108,3 100.0 101.5 95.8 94.3 87.5 
B37 X B54 118.8 98.6 100.1 92.3 89.5 84.6 
B37 X B45 122.0 105.6 100.0 99.2 94.4 96.5 
B37 X B57 131.3 105.6 100.0 99.2 90.3 85.5 
B45 X N28 177.9 118.1 103.6 104.4 96.4 93.9 
Mean 130.2 105.2 101.5 99.4 93.8 91.1 
D59 X R71 297.6 161.1 109.4 100.8 99.3 99.3 
B59 X HD2158 210.4 188.9 146.0 115.2 102.6 97.0 
B67 X R71 252.1 141.7 106.2 96.3 97.9 91.9 
367 X ITE701 253.5 190.0 170.8 133.3 117.4 110.5 
B67 X HD2158 185.4 161.1 123.3 109.9 97.2 92.6 
R71 X ITE701 352.9 256.6 166.0 128.3 119.8 103.3 
R71 X HD2158 270.8 135.0 108.8 104.2 100.2 97.6 
Mean 274.7 176.3 132.9 112.6 104.9 98.9 
Table 70. (continued) 
Pedigree Density 1 
(Q66-7 X Q67-9)-4. -4-2-2 329.2 
(0,66-7 X Q67-9)-4. -6-2-1 297.8 
(Q21-1 X 022-2)-! -2-2-1. -1 210.4 
(021-1 X 022-2)-3 -1-2-1. -1 256.9 
(097-10 X 098-10). -1-2-3. -1 -1 261.0 
(097-10 X 098-10). -1—2—4' -1. -1 272.6 
(097-10 X 098-10)-l-4-l. -1 -1 292.0 
Mean 274.3 
n37 X B71 151.5 
D37 X HD2158 173.5 
B37 X 867 160,4 
Mol7 X ITE701 183.3 
Mol7 X 667 104.2 
N28 X HD2158 216.8 
Mean 164.9 
Exp. Mean 209.0 
Density 2 
Ears per ICQ plants 
Density 3 Density 4 Density 5 Density 6 
230.1 198.9 193.6 171.8 161.3 
223.6 195.3 174.2 177.3 188.3 
179.0 119.8 119.8 101.4 92.4 
137.5 101.0 104.2 93.1 89.8 
230.4 134.1 115.5 98.5 92.5 
206.1 150.2 114.2 100.0 84.0 
194.4 160.4 129.0 105.6 100.4 
197.3 151.4 135.8 121.1 115.5 
120.8 99.2 101.6 100.1 98.8 
112.5 133.3 103.8 102.8 96.3 
104.2 102.1 101.7 97.9 98.9 
147.2 122.7 106.8 101.4 94.6 
101.4 107.4 100.8 96.4 96.4 
170.8 118.3 104.2 96.5 100.6 
126.1 113.8 103.1 99.2 97.6 
152.2 125.3 113.1 104.9 100.9 
Table 71. Harvestable ears per 100 planta for 27 maize single-crosses at six plant densities 
in Experiment 32 grown near Ankeny, 1972 
Enrs per 100 plants 
Pedigree Density 1 Density 2 Density 3 Density 4 Density 5 Density 
B37 X Mol7 111.1 106.7 99.1 96.1 90.5 104.2 
ri28 X Mol 7 159.3 311.4 105.6 99.3 103.3 100.0 
B54 X Mol7 98.1 101.3 101.9 100.8 96.9 96.2 
1337 X B54 103.9 101.2 101.0 102.3 105.5 96.2 
837 X B45 123.0 98.8 103.0 100.8 111.3 101.1 
337 X B57 103.7 100.0 102.9 100.0 96.8 86.3 
B45 X N28 198.1 114.8 102.8 105.1 101.3 100.2 
Mean 128.2 104.9 102.3 100.6 100.8 97.7 
B59 X R71 249.0 143.6 103.7 100.0 100.7 100.1 
B59 X HD215B 201.9 190.1 125.6 109.1 101.3 103.7 
B67 X R71 175.9 116.2 101.9 98.5 98.8 115.9 
DC7 X ITE701 200.0 202.5 159.7 123.6 118.6 100.0 
367 X MD2158 159.3 120.3 108.8 104.2 98.0 105.3 
R71 X ITE701 272.7 202.4 141.9 134.6 105.0 105.6 
R71 X HD2158 236.7 142.9 111.5 101.5 107.6 100.1 
Mean 213.6 159.7 121.9 110.2 104.3 104.4 
Table 71, (continued) 
Enrs per 100 plants 
Pedigree Density 1 Density 2 Density 3 Density 4 Density 5 Density 6 
(QG6—/ X QG7—9)—4—4-2 -2 262.1' 205.3 199.1 200.0 184.6 160.0 
(Q66-7 X Q67-9)-4-6-2 -1 250.7 219.9 188.9 194.8 169.8 155.5 
(Q21-1 X Q22-2)-l-2-2 -1-1 211.2 189.5 132.7 109.8 102.8 101.9 
(Q21-1 X Q2202)-3-l-2. -1-1 198.1 134.6 104.7 105.6 102.8 96.4 
(Q97-1G X a9o-iO)-l-2. -3-1-1 238.9 182.7 136.3 115.2 108.7 107.3 
(Q97-i0 X Q98-10)-l-2. -4-1-1 240.2 205.2 160.6 130.8 112.0 105.8 
(Q97-10 X Q98-ia)-l-4. -1-1-1 231.5 202.6 174.2 152.4 115.4 111.7 
Mean 233.3 191.3 156.6 144.1 128.0 119.8 
B37 X R71 166.7 110.5 99.1 100.0 93.8 102.9 
D37 X HD2158 157.4 111.2 102.9 97.0 99.4 104.4 
B37 X 867 167.0 101.2 103.8 101.5 98.8 106.4 
Mol7 X ITE7D1 201.7 152.4 132.8 112.1 112.2 103.2 
Mcl7 X B67 120.8 102.6 100.0 106.5 100.0 100.0 
N28 X HD2158 204.1 1130.7 104.7 104.2 94.3 97.8 
Moan 169.6 121.4 107.2 103.6 99.8 102.5 
Exp« Mean 186.8 145.2 122.5 115.0 108.5 106.2 
Table 72. Analyses of variance modified for stability analyses of 28 hybrids, four hybrid types 
with seven hybrids each, at ea:h of six densities 
Densities 
1 2 3 4 5 6 
Source D.F. M.S. M.S. M.S. M.S. M.S. M.S. 
Hybrids 27 840.01** 571.90** 505.03** 496.95** 533.75** 472.79** 
Types 3 4658.81*' 3153.08** 2415.74** 2324.32** 1825.37** 1408.11** 
H(T) 24 362.66»' 249.25** 266.19** 268.53** 372.30** 355.87** 
Environments 7 
H X N 189 196 
Environments (linear) 1 17602.58 16893.04 23898.20 31442.01 34783.27 36308.33 
H X Ni 27 140.17*'» 114.53** 63.39** 76.09** 66.01* 112.08** 
T X Ni 3 507.74*" 275.15** 89.65* 38.18 20.79 5.40 
H(T) X Ni 24 94.22*" 94.45** 60.11** 80.83** 71.66* 125.42** 
H(Tl) X Ni 6 98.78* 99.28* 6.52 49.08 34.42 113.84 
HfTg) X Ni 6 55.74 46.90 30.06 32.81 49.53 44.53 
H(T3) X Ni 6 79.41 124.78** 123.90*^ 125.09** 73.01 146.00* 
H(T^) X Ni 6 142.96*" 106.83** 79.96** 116.33** 129.70** 197.31** 
Pooled M.S.D.B 168 40.30*" 35.47** 25.76** 39.51** 39.73** 61.11** 
H(Ti) 42 28.24*" 34.88** 31.96** 69.51** 55.95** 92.92** 
H(T2) 42 50.55*" 47.55** 20.19* 27.97** 34.96** 46.16** 
H(T3) 42 39.65*" 39.29** 29.64*^ 30.93** 36.65** 54.41** 
H(T4) 42 42.75*" 20.20*^ 21.25» 29.63** 31.37** 50.96** 
Pooled error^ 213 12.90 10.86 13.43 16.00 19.22 21.29 
BM.S.D.'s for individual hybrids are list(xi along with corresponding regression coefficients and 
yield means in Tables 74-81. 
n^ovariance analyses (Tables 48 and 52) aiKl missing hybrid (Tables 52 and 53), therefore D.F. = 213. 
•Statistically significiint at the 5% level of probability. 
••Statistically significant at the 1% leve:l of probability. 
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Table 73. Analysis of variance modified for stability analysis of 
28 maize hybrids, four hybrid types with seven h^rids 
per type, grown in 48 density-location environments 
Source D.P. M.S. F 
Hybrids 27 2713.25 50.34^* 
Types 3 12308.02 228.35** 
H(T) 24 1513.90 28.09** 
Environments 
H X N 1316 
Environments (linear) 1 207875.03 
H X % 27 213.28 3.96** 
T X Ni 3 210.88 3.91** 
H(T) X Ni 24 213.58 3.96** 
H(Tl) X Ni 6 153.42 2.85* 
HCTG) X Ni 6 106.63 1.98 
H(T3) X 6 242.35 4.50** 
H(T4) X % 6 351.90 6.53** 
Pooled M.S.D.a 1288 53.90 3.96** 
H(T%) 322 68.80 4.40** 
H(T2) 322 42.39 2.71** 
HCTg) 322 62.33 3.99** 
H(T^) 322 42.08 2.6S«= 
Pooled error 1278 15.62 
^M.S.D.*s for individual hybrids are listed in Table 81. 
Covariance analyses and mising hybrids, therefore D.P. = 1278. 
•Statistically significant at idie 5% level of probability. 
••Statistically significant at the 1% level of probability. 
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Table 74. Environmental stability parameters for 28 maize h^rids 
grown at density one in eight environments 
Hybrid Number bj^ M.S.D. Yield 
1 .II** 30** 66.4 
2 .89 76"* 66.1 
3 .53 20» 60.1 
4 .39* 9 63.4 
5 .22** 5 68.3 
6 .56 24** 71.9 
7 .82 34** 70.9 
Type 1 Mean 
*
 
in 
28** 66.7 
8 1.02 117** 74.4 
9 1.42 42** 58.3 
10 1.14 65** 71.1 
11 .83 28** 64.7 
12 .68 31** 53.8 
13 1.42 37'* 83.2 
14 1.51* 34** 68.4 
Type 2 Mean 1.13 51** 67.7 
15 .96 12 80.4 
16 1.04 15 81.9 
17 1.09 29** 79.1 
18 1.36 70** 78.1 
19 1.90'' 74'" 92.1 
20 1.63* 53** 93.2 
21 2.00** 24** 88.5 
Type 3 Mean 1.37** 40** 84.8 
22 .44* 90** 58.2 
23 .98 41** 62.3 
24 .31** 11 69.5 
25 1.18 64** 70.5 
25 .73 39 '' 66.0 
27 1.27 20* 69.5 
28 1.58* 34** 60.1 
Type 4 Mean .94 43** 65.4 
•Significantly different from 1.0 (b^ ) or from 0.0 (M.S.D. ) at the 
5% level of probability. 
••Significantly different fir<xn 1.0 (bj) or from 0.0 (M.S.D. ) at the 
1% level of probability. 
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Table 75. Environmental stability parameters for 28 maize hybrids 
grown at density two in eight environments 
Hi^arid Number b^ M.S.D. Yield 
1 .41* 28** 82.0 
2 .67 87** 80.8 
3 .79 19** 78.0 
4 .69 3 84.5 
5 .75 20** 87.0 
6 .61 10 91.2 
7 1.67** 77** 86.5 
Type 1 Mean .80* 35** 84.3 
8 .67 46** 79.3 
9 1.25 31** 65.8 
10 1.04 42** 78.2 
11 .68 89** 72.5 
12 1.12 21** 65.8 
13 1.39 53** 83.4 
14 1.21 51** 68.4 
Type 2 Mean 1.05 48** 73.4 
15 .71 18** 91.3 
16 1.14 20** 88.4 
17 1.53* 53** 86.5 
18 .87 3 81.9 
19 1.73** 32** 95.2 
20 1,96** 111** 90.7 
21 1.44 38* * 93.8 
Type 3 Mean 1.34'* 39** 89.7 
22 .25"* 19** 71.1 
23 .76 7 71.0 
24 .41* 23** 83.7 
25 .65 13 78.0 
26 .95 40** 83.3 
27 1.24 19** 75.8 
28 1.40 19** 69.5 
Type 4 Mean .81* 20** 76.0 
•Significantly different from 1.0 (b^) or from 0.0 (M.S.D.) at the 
5% level of probability. 
••Significantly different from 1.0 (bi) or from 0.0 (M.S.D.) at the 
1% level of probability. 
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Table 76, Environmental stability parameters for 28 maize h^rids 
grown at density three in eight environments 
Hybrid Number bl M.S.D. Yield 
1 .95 13 93.5 
2 1.04 57»» 91.9 
3 .98 11 84.9 
4 1.15 7 90.3 
5 1.02 41* • 93.0 
6 .94 10 98.1 
7 1.18 84* • 90.0 
Type 1 Mean 1.03 32* • 91,7 
8 ,80 2T* 85,2 
9 1.12 13 69,1 
10 .66* 14 84,8 
11 .73 19 76.7 
12 1.03 13 68.3 
13 .72 27** 83.4 
14 .77 29» • 77,8 
Type 2 Mean .87 20* • 77,9 
15 .70 26** 90,8 
16 .97 65** 94,7 
17 1.11 13 85,4 
18 .86 21» 87,3 
19 1.52"* 10 94,4 
20 1.80»* 39» • 90,0 
21 1.27 34" 92,9 
Type 3 Mean 1.15" 30** 90,8 
22 .36^* 39** 76,8 
23 1.04 15 81,3 
24 ,75 13 93,9 
25 .97 29». 85,2 
26 1.04 21» 91,3 
27 1.27 4 77,2 
28 1.12 27*» 75,4 
Type 4 Mean .94 21** 83,0 
•Significantly different from 1.0 (bj) or frcm 0.0 (M.S.D.) at the 
5% level of probability. 
••Significantly different from 1.0 (b^) or from 0.0 (M.S.D.) at the 
1% level of probability. 
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Table 77, Environmental stability parameters for 28 maize hybrids 
grown at density four in eight environments 
Hybrid Number bj^ M.S.D, Yield 
1 .81 35** 94.6 
2 .99 133»* 97.8 
3 .70 35** 89.7 
4 1.17 85-» 91.9 
5 .81 23 96.9 
6 1.02 74"" 99.0 
7 1.24 101*" 92.2 
Type 1 Mean .97 70** 94.6 
8 .82 35** 88.3 
9 1.33 37"* 59.3 
10 .85 5 90.2 
11 .90 13 79.6 
12 .95 48** 72.0 
13 .96 5 83.8 
14 .88 50** 81.7 
Type 2 Mean .96 28** 80,7 
15 .87 31** 92.9 
16 .77 105** 91.8 
17 1.15 9 94.7 
18 .80 21 90.3 
19 1.32 7 93.9 
20 1.51"* 26* 91.4 
21 1.05 17 94.8 
Type 3 Mean 1.10 31*" 93.5 
22 .62 21 79.4 
23 1.31 7 82.0 
24 .78 16 97.6 
25 .83 50"* 91.2 
26 .69 52"" 94.5 
27 1.08 20 84.9 
28 1.42* 41"* 80.5 
Type 4 Mean .97 30** 87.2 
•Significantly different from 1.0 (b^) or from 0.0 (H.S.D.) at the 
5% level of probability. 
**SignificarLtly different from 1.0 (b^) or from 0.0 (H.S.D.) at the 
1% level of probability. 
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Table 78, Eiïvxronraental stability parameters for 28 maize hybrids 
grown at density five in eight environments 
Hybrid Number b^ M.S.D. Yield 
1 .79 6 92.1 
2 1.23 40** 101.6 
3 .91 70" 87.2 
4 .97 49** 91.4 
5 .97 24 92.4 
6 .93 192'* 95.1 
7 1.16 11 85.8 
Type 1 Mean 1.00 56** 92.2 
8 1.13 47*» 88.8 
9 1.12 35** 56.6 
10 .65* 36** 89.0 
11 .86 7 78.8 
12 1.00 38*» 69.8 
13 .72 33** 85.5 
14 .82 49** 80.9 
Type 2 Mean .94 35** 79.9 
15 .92 47** 93.8 
16 .83 73** 93.9 
17 1.25 29* 89.4 
18 .80 40** 85.7 
19 1.41* 22 92.7 
20 1.26 14 90.8 
21 1.01 31* 92.6 
Type 3 Mean 1.06 37** 91.3 
22 .90 37** 79.5 
23 1.48** 35** 77.4 
24 .87 6 97.4 
25 .84 56** 89.4 
26 =65* 38*" 95.3 
27 .87 28* 78.4 
28 1.46** 19 80.9 
Type 4 Mean 1.01 31** 85.5 
•Significantly different from 1.0 (b]_) or from 0.0 (M.S.D.) at the 
5% level of probability. 
••Significantly different from 1.0 (bi) or from 0.0 (M.S.D.) at the 
1% level of probability. 
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Table 79. Environmental stability parameters for 28 maize h^rids 
grown at density six in eight environments 
Hybrid Number b^ M.S.D. Yield 
1 .96 46* • 88.7 
2 1.26 74** 99.5 
3 .64 87» • 84.4 
4 1.23 118» • 89.2 
5 1.11 50» • 89.3 
6 .58 191* • 86.4 
7 1.30 85* • 87.8 
Type 1 Mean 1.01 93'• 89.3 
8 .94 52* • 83.5 
9 1.24 19 64.7 
10 .70 16 89.2 
11 1.09 21 75.1 
12 1.00 60'» 68.2 
13 .84 40* • 82.1 
14 1.14 115» • 85.3 
Type 2 Mean .99 46* • 78.3 
15 .68 16 91.6 
16 1.03 181* • 86.1 
17 1.25 18 86.6 
18 =45' 55** 83=3 
19 1.28 30 91.2 
20 1.34 30 83.7 
21 1.18 51** 92.9 
Type 3 Mean 1.03 54'• 87.9 
22 .75 20 74.4 
23 1.12 93** 75.5 
24 .97 17 94.0 
25 = 73 58* • 86.7 
26 .55* 75* • 90.2 
27 .93 SO»* 80.9 
28 1.72** 24 80.1 
Type 4 Mean .97 51** 83.1 
•Significantly different from 1.0 (bj) or from 0.0 (M.S.D.) at the 
5% level of probability. 
••Significantly different from 1.0 (b^) or from 0.0 (M.S.D.) at the 
1/0 level of probability. 
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Table 80. Mean environmental stability parameters for 28 maize hybrids 
grown at six densities in eight environments 
H^rid No. bj M.S.D. Yield 
1 .70» 15»* 86.2 
2 1.06 37» • 89.6 
3 .76 20*» 80.7 
4 .98 lO" 85.1 
5 .85 15** 87.8 
6 .80 2S** 90.3 
7 1.21 25** 85.6 
Type 1 Mean .92 21" 86.5 
8 .92 30-' 83.2 
9 1.25 15** 65.6 
10 .78 17* • 83.8 
11 .88 lA** 74.6 
12 .98 22** 66.3 
13 .97 19** 83.6 
14 1.09 26** 77.1 
Type 2 Mean .98 20** 76.3 
15 .78 9** 90.1 
16 .97 32** 89.5 
17 1.29» 1** 87.0 
IS .76 4* 84.4 
19 1.50^' 12** 94.1 
20 1.58*» 19** 90.0 
21 1.30^ 5** 92.6 
Type 3 Mean 1.15^* 13*» 89.7 
22 ,57** 21** 73.2 
23 1.17 10* • 74.9 
24 .73* 3 89.4 
25 .85 23** 83.5 
26 .12* 22" 87.1 
27 1.08 9** 77.8 
28 1.45*» 7** 74.4 
Type 4 Mean .95 13** 80.0 
•Significantly different from 1,0 (b^) or from 0.0 (M.S.D. ) at the 
5% level of probability. 
••Significantly different from 1.0 (bj) or frcsn 0.0 (M.S.D.) at the 
1% level of probability. 
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Table 81, Environmental stability parameters for 28 maize h^^rids grown 
in 48 environments 
Hybrid No. b^ M.S.D. Yield 
1 
2 
3 
4 
5 
6 
7 
Type 1 Mean 
.94 
1.28** 
.97 
1.15 
1.02 
.94 
1.35** 
1.08** 
55.» 
108» • 
58* • 
61* • 
45* • 
95** 
61** 
69** 
86.2 
89.6 
80.7 
85.1 
87.8 
90.3 
85.6 
86.5 
8 
9 
10 
11 
12 
13 
14 
Type 2 Mean 
.90 
1.09 
.87 
.87 
.98 
.74** 
.98 
.93* 
47** 
38** 
35** 
26** 
30** 
57** 
64* • 
42»* 
83.2 
65.6 
83.8 
74.6 
66.3 
83.6 
77.1 
76.3 
15 
16 
17 
18 
19 
20 
21 
Type 3 Mean 
.79* 
.87 
1.16* 
,76** 
1.18" 
1.14 
.93 
.98 
24» • 
71»* 
38* • 
39»» 
79» « 
132** 
53*' 
62** 
90.1 
89.5 
87.0 
34.4 
94.1 
90.0 
92.6 
89.7 
22 
23 
24 
25 
26 
27 
28 
Type 4 Mean 
.79* 
1.20* 
1.00 
.97 
.97 
1.03 
1.49 * 
1.02 
47» * 
35*' 
44* • 
45.» 
60** 
31** 
33** 
42** 
73.2 
74.9 
89.4 
83.5 
87.1 
77.8 
74.4 
80.0 
•Significantly different from 1.0 (bi) or from 0.0 (M.S.D.) at the 
5% level of probability. 
••Significantly different from 1.0 (b^) or from 0.0 (H.S.D.) at the 
1% level of probability. 
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Table 82» Plant height in cm» of 28 h^rids, four hybrid types with 
seven h^rids per type, grown in six plant densities at 
Arikeny, 1972 
Density 
Hybrid 1 2 3 4 5 6 5c 
1 213.9 
2 205.1 
3 222.9 
4 225.8 
5 209.1 
6 211.4 
7 220.1 
X 215.5 
8 221.1 
o 216.3 
10 220.3 
11 244.0 
12 211.4 
13 223.3 
14 225.3 
X 223.1 
15 257.9 
16 250.7 
17 255.8 
18 225.1 
19 246.5 
20 261.0 
21 244.4 
X 248.8 
22 190.6 
23 210.7 
24 219.8 
25 221,5 
26 227.7 
27a 183.1 
28 205.3 
X 208.4 
EXD. Mean 223.9 
219.2 228.8 
216.4 216.3 
229.5 232.8 
237.8 246.3 
221.8 228.8 
227.2 237.6 
232.9 237.0 
226.4 232.5 
230.3 235.0 
222.2 233.0 
231.7 242.1 
253.9 256.2 
224.9 234.5 
235.5 244.1 
234.6 242.0 
233.3 241.0 
269.0 271.2 
268.0 274.4 
259c2 264.2 
238.9 247.4 
260.0 271.6 
275.4 276.6 
261.0 260.6 
261.6 266.6 
200.7 209.4 
218.2 229.5 
240.7 246.7 
232=1 241-2 
240.7 244.5 
194.7 202.6 
221.1 223.0 
221.2 228.1 
235.6 242.0 
227.9 236.3 
229.3 234.4 
237.3 241.1 
248.7 251.3 
232.8 242.3 
239.3 245.5 
242.0 250.9 
236.8 243.1 
238.0 243.4 
232.2 245.8 
243.7 249.4 
261.3 261.2 
238.3 230.9 
243,3 250.8 
244.4 247.5 
243.0 247.0 
277.9 279.6 
276.1 282.3 
255.4 26S.1 
240.9 251.1 
267.6 275.9 
277.1 285.2 
261.9 267.3 
266.7 272.8 
201.4 221.3 
232.3 239.8 
247.0 260.7 
240. e 243.2 
245.5 255.6 
200.3 205.7 
230.1 232.9 
228.2 237.0 
243.7 250.0 
228.4 225.7 
234.2 222.6 
241.0 234.1 
246.1 242.7 
237.5 228.7 
239.8 233.5 
250.3 238.9 
239,6 232.3 
233.9 233.6 
239.6 231.5 
247.7 239.2 
258.7 255.9 
239.3 229.9 
248.0 240.8 
247.9 240.3 
245.0 238.7 
278.3 272.3 
282.0 272.2 
270.2 263.3 
251.6 242.-5 
271.4 265.5 
275.8 275.2 
266.4 260.3 
270.8 264.5 
216.1 206.6 
237.0 227.9 
256.5 245.2 
243.4 237.0 
249.8 244.0 
208.2 199.1 
236.3 284.8 
235.3 226.4 
247.7 240.5 
^The entry for Hybrid 27 vreis measured and the data was included in 
the analysis but the plants were not true to type, i.e., they were 
low in height and general vigor. 
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Table 83 . Ear height in cm. of 28 hybrids, four hybrid types with 
seven h^rids per type, grown in six densities at 
Ankeny, 1972 
Hybrid 
Density 
1 98.4 104.8 113.1 112.1 116.6 112.5 109.6 
2 82.4 92.1 95.4 105.5 107.8 107.4 98.4 
3 98.4 106.1 105.4 111.1 115.1 117.2 108.9 
4 94.3 104.6 111.5 117.1 116.7 112.7 109.5 
5 88.9 95.9 101.3 106.9 115.0 111.3 103.2 
6 92.2 103.5 112.9 115.3 120.3 117.4 110.3 
7 96.9 108.3 108.9 119.4 122.4 125.5 113.6 
R 93.1 102.2 106.9 112.5 116.3 114.9 107.6 
8 111.1 120.7 122.8 125.9 134.5 125.7 123.4 
9 115.2 123.2 129.8 124.9 136.2 133.3 127.1 
10 105.9 115.2 123.8 130.4 128.2 131.8 122.7 
11 136.8 143.9 147.5 152.5 154.4 158.8 149.0 
12 108.2 120.5 125.5 132.2 127.8 132.8 124.5 
13 116.7 124.6 135.2 134.2 140.9 137.9 131.6 
14 113.7 115.9 123.3 130.8 132.9 133.7 125.0 
5t 115.5 123.4 129.7 133.0 136.4 136.3 129.1 
15 135.1 145.8 151.4 161.5 160.0 160.1 152.3 
15 128.5 141.6 154.7 152.7 157.7 160.1 149.2 
17 128.2 136.3 141.7 141.5 146.1 148.0 140.3 
13 123.4 133.6 141.6 154.9 150.4 143.3 137.9 
19 133.4 144.2 150.0 155.0 164.2 160.4 151.2 
20 148.7 161.7 166.9 169.8 176.1 165.3 164.8 
21 143.4 152.2 152.0 163.8 164.5 166.7 157.1 
X 134.4 145.1 151.2 154.2 159.9 157.7 150.4 
22 80.9 90.0 92.0 90.9 101.3 99.7 92.5 
23 98.0 103.5 114.5 116.0 121.6 122.6 112.7 
24 103.2 114.2 122.7 126.1 133.9 136.0 122.7 
25 114.5 121.7 129.6 129-1 135,3 135=3 127,6 
26 109.3 117.5 123.4 125.4 133.1 129.8 123.1 
273 72.4 84.9 88.8 87.4 95.4 102.7 88.6 
28 90.3 101.3 104.2 112.2 111.8 115.4 105.9 
X 95.5 104.7 110.7 112.4 118.9 120.2 110.4 
Exp. Mean 109.6 118.8 124.6 128.0 132.9 132.3 124.4 
^The entry for Hybrid 27 was measured and the data were included in 
the analysis, but the plants were not true to t\'pe, i.e., they were 
low in height and general vigor-
Tcû)lG 84. LAI of 14 hybrids, two types with seven hybrids each, in each of six plant densities 
Densities 
Hybrid Number 1 2 3 4 5 6 Mean 
1 1.6 2.2 2.9 3.3 4.1 4.0 3.0 
2 1.6 2.4 2.7 3.7 4.0 4.5 3.1 
3 1.4 2.0 2.7 3.0 3.8 4.2 2.9 
4 1.4 2.1 2.8 3.3 3.8 4.7 3.0 
5 1.4 2.2 2.3 3.1 3.7 4.5 2.9 
6 1.7 2.4 3.1 3.7 4.3 4.7 3.3 
7 1.6 2.6 3.0 3.5 4.1 4.6 3.2 
Mean 1.5 2.3 2.8 3.4 4.0 4.4 3.1 
15 1.7 2.5 3.1 3.5 4.2 4.4 3.2 
16 1.8 2.5 2.8 4.0 4.4 4.6 3.3 
17 2.1 3.0 3.5 4.5 4.4 5.2 3.8 
18 1.7 2.7 3.2 3.7 4.4 4.7 3.4 
19 1.9 2.9 3.0 4.1 4.7 5.2 3.7 
20 2.1 2.9 3.9 4.5 5.0 4.7 3.9 
21 2.1 3.1 3.6 4.4 4.9 5.2 3.9 
Mean 1.9 2.8 3.3 4.1 4.6 4.9 3.6 
Exp. Mean 1.7 2.5 3.0 3.8 4.3 4.7 3.3 
